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. TO THE STUDENT. 

Tms book is presented to you, not as a work of scienoe, 
nor as a dry, chemioal treatise, but as a plain statement 
of tbe more simple operations by which natare produces 
many results, so common to onr obserration, that we are 
thonghtless of their origin. On these results depend the 
existence of man and the lower animals. No man should 
be ignorant of their production. 

In the early, prosecution of the study, you will find, 
perhaps, nothing to relieve its tediousness ; but, when the 
foundation of agricultural knowledge is laid in your mind 
so thoroughly that yon know the character and use of 
every stone, then may your thoughts build on it fabrics 
of such varied construction, and so varied in their uses, 
that there will be opened to you a new world, even more 
wonderful and more beautiful than the outward world, 
which exhibits itself to the senses. Thus may you live 
two lives, each assisting in the enjoyment of the other. 

But you may ask the practical use of this. ^' The 
world is made up of little things," saith the proverb. So 
with the productive arts. The steam engine consists of 
many parts, each part being itself composed of atoms too 
minute to be detected by our observation. The earth 
itself, in all its solidity and life, consists entirely of atoms 
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too small to be peroeiyed by the naked eye, eacb visible 
partiole being an aggregation of thousands of constituent 
elements. The crop of wheat, which the farmer raises by 
his labor, and sells for money, is produced by a combina- 
tion of particles equally small. They are not mysteriously 
combined, nor irregularly, but each atom is taken from its 
place of deposit, and carried to its required location in the 
living plant, by laws as certain as those which regulate the 
motion of the engine, or the revolutions of the earth. 

It is the business of the practical farmer to put to- 
gether these materials, with the assistance of nature. He 
may learn her ways, assist her action, and succeed ; or he 
may remain ignorant of her operations, often counteract 
her beneficial influences, and often fail 

A knowledge of the inner world of material things 
about us will produce pleasure to the thoughtful, and profit 
to the practical. 
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OHAPTEB I. 

INTBODirOTION. 

The object of cultivating the soil is to raise fix>m it 
a crop o{ plants. In order to cultivate with economy, 
we must raise the largest possible quantity with the 
least expensey a/n,d vnthout permanent injwry to the 
soil. 

Before this can be done we must study the char- 
acter of plants, and learn their exact composition. 
They are not created by a mysterious power, they 
are merely made up of matters already in existence. 
They take up water containing food and other mat- 

What is the object of cultivating the soilf 

What is necessary in order to ciUtlyate with economy I 

Are plants created from nothing ? 
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ters, and diflchaige from their roots those substances 
that are not required for their growth. It is neces- 
sary for us to know what kind Of matter is required 
a« food for the plant, and where this is to be obtained, 
which we can learn only through such means as shall 
separate the elements of which plants are composed ; 
in other words, we must tdke them apart, arid exam- 
ine the different pieces of which they are formed. 

If we bum any vegetable substance it disappears^ 
except a small quantity of earthy matter, which we 
call ashes. In this way we make an important 
division in the constituents of plants. One portion 
dissipates into the atmosphere, and the other remains 
as ashes. 

That part which bums away during combustibn 
is called organ*' i matter ; the ashes are called inor-- 
ganic matter. The organic matter has become air, 
and hence we conclude that it was originally obtained 
from air. The inorganic matter has become earth, 
and was obtained from the soil. 

This knowledge can do us no good except by the 
assistance of chemistry, which explains the proper- 
ties of each part, and teaches us where it is to be 
found. It is not necessary for formers to become 
chemists. AH that is required is, that they should 



Wliat must we do to learn the composition of plants ! 
What takes place when vegetable matter is burned f < 
What do we call the two mvisions produced by burning f 
•Where does organic matter originate? Inorganic f 
How much of chemistry should formers know f 
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know enough of chemistry to nndentand the nc|ture 
of the materials of which their crops are composed, 
and how those materials are to be nsed to the best 
advant^e. 

This amomit of knowledge may be easily acqou^ 
ed, and should be possessed* by .every person, old or 
young, whether actually engaged in the cultivation 
of the soil or not. All are dependent on vegetable 
productions, not only for food, but for every comfort 
and convenience of life. It is the object of this book 
to teach children the first principles of agriculture : 
and it contains all that is absolutely necessary to an 
understanding of the practical operations of cultiva- 
tion, etc. 

We will first examine the organic part of plants, 
or that which is driven away during combustion or 
burning. This matter, though apparently lost, is 
only changed in form. 

It consists of one solid substance, carbon (or 
charcoal), and three gases, oocygen^ hydrogen and 
nitrogen. These four kinds of matter constitute 
nearly the whole of most plants, the ashes forming 
often less than one part in one hundred of their dry 
weight. 

When wood is burned in a close vessel, or other- 
wise protected fix)m the air, its carbon becomes char- 
coal. All plants contain this substance, it forming 

Is orfi;anic matter lost after combuation I 

Of what does it consist f 

How large a part of plants is carbon 
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usually about one half of their dty weight. The ze* 
mainder of their organic part consists of the three 
gases named above. By the word gas^ we mean air. 
Oxygen^ hydrogen and nitrogen, when pure, are al- 
ways in the form of air. Oxygen has the power 
of uniting with many substances, forming compounds 
which are different from either of their constituents 
alone. Thus : oxygen unites with iron and forms 
oxide of iron or iron^rust^ which does not resemble 
the gray metallic iron nor the gas oxygen ; oxygen 
unites with carboii and forms carbonic acid, which 
is an invisible gas, "But not at all like pure oxygen ; 
oxygen combines with hydrogen and forms water, 
AH water, ice, steam, etc., are composed of these 
two gases. We know this because we can artifi- 
cially decompose, or separate^ all water, and obtain 
as a result simply oxygen and hydrogen, or we can 
combine these two gases and thus form pure water ; 
oxygen combines with nitrogen and forms nitric 
acid. These chemical changes and combinations 
take place only under certain Circumstances, which, 
so far as they affect agriculture, will be considered in 
Hhe following pages. 

^ As the organic elements of plants ore obtained 
from matters existing in the atmosphere which sur* 
rounds our globe, we will examine its constitution. 



What do we mean by gas I 

Does oxygen unite with other substaiuiefl f 

Giye some instances of its oombinations 
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CHAPTER n. 



ATMOSPHSBS. 



Atmosphebio air is composed of oxygen and nitrogen. 
Their proportions are, one part of oxygen to four 
parts of nitrogen. Oxygen is the active agent in 
the combustion, decay, and decomposition of orga- 
nized bodies (those which have possessed animal or 
vegetable life, that is, organic matter), and others 
also), in the breathing of animals. Experiments have 
proved that if the atmosphere consisted of pure oxy- 
gen every thing would be speedily destroyed, as the 
processes of combustion and decay would be greatly 
accelerated, and animals would be so stimulated that 
death would soon ensue. -The use of the nitrogen in 
the air is to dilute the oxygen, and thus reduce the 
intensity of its eflTect. 

Besides these two great elements, the atmosphere 
contains certain impurities which are of great im- 
portance to vegetable growth ; these are, carbonic 
acidj water J ammoniaj etc. 



What is Atmospheric air composed oft 

In what proportions ? 

What is the me cf nitrogen in air I 

Does the atmosphere contain other matters nsefiil to vegetation ff 

What are they f 
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OABBOinC ACID. 



Carbonic acid is in aU probability the only source 
of the carbon of plants, and consequently is of more 
importance to vegetation than any other single sort of 
food. It is a gas, and is not, under natural circum- 
stances, perceptible to our senses. It constitutes 
about ^yVir of the atmosphere, and is found in com- 
bination with many substances .in nature. Marble, 
limestone and chalk, are carbonate of lime, or car- 
bonic acid and lime in combination : and carbonate 
of magnesia is a compound of carbonic acid and 
magnesia. This gas exists in combination with 
many other mineral substances^ and is contained in 
all water not recently boiled. Its supply, though 
small, is sufficient for the purposes of vegetation. It 
enters the plant in two ways — ^through the roota in 
the water which goes to form the sap, and at the 
leaves, which absorb it from the air in the form of 
gas. The leaf of the plant seems to have three* 
offices : that of absorbing carbonic acid from the at- 
mosphere — that of assisting in the chemical prepara- 
tion of the sap — and that of evaporating its water. 
If we examine leaves with a microscope we shall find 
that some have as many as 170,000 openings, or 

What is the source of the carbon of plants? 

What is carbonic acid ? 

What is its proportion in tha atmosphere t 

Where else is it found ? 

How does it enter the plant? 

What are the offices of leaves? 
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months^ in a square inch ; others have a mnch len 
number. Usually, the pores on the under side of 
the leaf absorb the carbonic add. This absorptiye 
power is illustrated when we apply the lower side of 
a cabbage leaf to a wound, as it draws strongly — ^the 
other side of the leaf has no such action. Young 
sprouts may have the power of absorbing and decom- 
posing carbonic acid. 

The roots of plants terminate at their ends in 
minute spongioles, or mouths for the absorption of 
fluids containing nutriment. In these fluids there 
exist greater or less quantities of carbonic acid, and 
a considerable amount of this ^ enters into the 
circulation of the plants and is carried to those parts 
where it is required for decomposition. Plants, un- 
der £sivorable circumstances, may thus obtain about 
one-third of their carbon. 

Carbonic acid, it will be recollected, consists of 
carbon and oxygen^ while it supplies only carbon 
to the plant. It is therefore necessary that it be 
divided, or decomposed, and that the carbon be re- 
tained while the oxygen is sent off again into the 
atmcM3phere^ to reperfonn its office of uniting with 
carbon. This decomposition takes place in the greefn 



What parts of roots absorb food ? 

How much of their carbon may plants receiye through their 
roots ! 

What change does carbonic acid undergo after entering the 
plant? 

In what parte of the plants and under ivhat influence, i« car- 
bonic acid decomposed ? 
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parts of plantrand only under the influence of day«- 
light. It is not necessary that the sun shine directly 
on the leaf or green shoot, but this causes a more 
rapid decomposition of carbonic acid, and conse- 
quently we find that plants which are well exposed 
to the sun's rays make the most rapid growth. 

The &ct that light is essential to vegetation ex-? 
plains the conditions of different latitudes, which, so 
&r as the assimilation of carbon is concerned, are 
much the same. At the Equatorthedaysarebut about 
twelve hours long. Still, as the growth of plants is 
extended over eight or nine months of the year, the 
duration of daylight is sufficient for the requirements 
of a luxuriant vegetation. At the Poles, on the con- 
trary, the summer is but two or three months long ; 
here, however, it is daylight all summer, and plants 
from continual growth develop themselves in that 
short time. 

It will be recollected that carbonic acid consti- 
tutes but about ^jVt of *li© ^^y y®*> although 
about one half of aU the vegetable matter in the 
world is derived fi:om this source, as well as all of the 
carbon required by the growth of plants, its pijopor- 
tion in the atmosphere is constantly about the same. 
In order that we may understand this, it becomes 
necessary for us to consider the means by which 
it is formed. Qarbon, by the aid of fire, is made to 



Explain the condition of different latitudes. 
Does the proportion of carbonie acid in the atmosphere remain 
about the same ? 
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tmite with oxygen, and always when )x)clie8 contain- 
ing carbon are hxnntwUhthe presence of cUmotphenc 
airy the oxygen of that air nnites with the Carbon, 
and forms carbonic acid The same occnni when 
bodies containing carbon decay, as this is simply a 
slower buminff and produces the same results. The 
respiration (or breathing) of animak is simply the 
union of the carbon of the blood with the oxygen of 
the air drawn into the lungs, and their breath, when 
thrown out, always contains carbonic acid. From 
this we see that the reproduction of this gas is the 
direct effect of the destruction of all organized bodies, 
whether by fire, decay, or consumption by animals. 

Furnaces are its wholesale manufactories. Every 
cottage fire is continuafly producing a new supply, and 
the blue smo'ke issuing from the cottage-chimney, as 
described by so many poets, possesses a new beauty, 
when we reflect that besides indicating a cheerful 
fire on the hearth, it contains materials for making 
food for the cottager's tables and new fiiggots for his 
fire. The wick of every burning lamp draws up the 
carbon of the oil to be made into carbonic add at 
the flame. All matters in process of combustion, 
decay, fermentation, or putrefaction, are returning to 
the atmosphere those constituents, which they ob« 
tained from it. Every living animal, even to the 
smallest insect, by respiration, spends its life in the 

Explain some of the operations in whicli tiiis reproduction takes 
place. 

How is it reproduced! 
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producticm of this material necessary to the growth of 
plants, and at death gives np its body in part for 
such formation by decay. 

Thus we see that there is a contimial change &om 
the carbon of planta to air, and &om air back to 
plants, or through them to animals. As each dollar 
in gold that is received into a country permanently 
increases its amount of circulating medium, and each 
dollar sent out permanently decreases it until re- 
turned, so the carbonic acid sent into the atmosphere 
by burning, decay, or respiration, becomes a permanent 
stock of constantly changeable material, until it shall 
be locked up for a time, as in a house which may last 
for centuries, or in an oak tree which may stand for 
thousands of years. Still, at the decay of either of 
these, the carbon which they contain must be again 
resolved into carbonic acid. 

The coal-beds of Pennsylvania are mines of 
carbon once abstracted from the atmosphere by 
plants. In these coal-beds are often found fern 
leaves, toads, whole trees, and in short all forms of 
organized matter. . These all existed as living things 
before the great floods, and at the breaking away of 
the barriers of the immense lakes, of which our pre- 
sent lakes were merely the deep holes in their beds, 
they were washed away and deposited in masses so 
great as to take flre from their chemical changes. 



What are the coal-beds of Pennsylvania f 
What are often found in them! 
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It ifl bymany gappofledthat this fire acting throngh- 
out the entire mass (without the presence of air to 
supply oxygen except on the snrPace) cansed it to 
become melted carbon^ and to flow around those 
bodies which still retained their shapes, changing 
them to coal without destroying theur structures. 
This coal, so long as it retains its present form, is 
lost to the vegetable kingdom, and each ton that is 
burned, by being changed into carbonic acid, adds to 
the ability of the atmosphere to support an increased 
amount of vegetation. 

Thus we see that, in the provisi(ms of nature, 
carbon, the grand basis, on which all organized 
matter ia founded, is never permanent in any of 
its forms. Oxygen is the carrier which enables it to 
change its condition. For instance, let us sup- 
pose that we have a certain quantity of char- 
coal ; this is nearly pure carbon. We ignite it, and 
it unites with the oxygen of the air, becomes- carbonic 
acid, and floats away into the atmosphere. The 
wind carries it through a forest, and the leaves of the 
trees with their miUions of mouths drink it in. By 
the assistance of light it is decomposed, the oxygen 
is sent off to make more carbonic acid, and the carbon 
is retained to form a part of the tree. So long as that 
tree exists in the form of wood, the carbon will re- 



Explain the manner in which thej become coaL 
How does the burning of coal benefit vegetation f 
Ib carbon ever permanent in any of its forms f 
What enables it to change its condition t 
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main unaltered, but when the wood decays, or is 
burned, it immediately takes the form* of carbonic 
acid, and mingles with the atmosphere ready to be 
again taken up by plants, and have its carbon de- 
posited in the form of vegetable matter. 

The blood of animals contains carbon derived 
fix)m their food. This unites with the oxygen of the 
air drawn into the lungs and forms carbonic acid. 
Without this process, animals could not live. Thus, 
while by the natural operation of breathing, they 
make carbonic acid for the uses of the vegetable 
world, plants, in taking up carbon, throw off oxygen 
to keep up the life of animals. There is perhaps no 
way in which we can better illustrate the changes of 
form in carbon than by describing a simple experiment. 

Take a glass tube filled with oxygen gas, and 
put in it a lump of charcoal, cork the ends of the 
tube tightly, and pass through the corks the wires of 
an electrical battery. By passing a stream of electri- 
cal fluid over the charcoal it may be ignited, wlien it 
will bum with great brilliancy. In burning it is dis- 
solved in the oxygen forming carbonic acid, and dis- 
appears. It is no' more lost, however, than is the 
carbon of ^wood which is burned in a stove ; although 
invisible, it is still in the tube, and paay be detected 
by careful weighing. A more satisfactory proof of its 
presence may be obtained by decomposing the car- 

Give an instance of such change. 

How do plants and animals benefit each other! 

Describe the expeidment with the glass tube. 
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bonic add by drawing the wires a abort distance apart, 
and. giving a spark of electricity. This immediately 
separates the oxygen from the carbon, which forms a 
dense black smoke in the tube. By pushing the 
corks together we may obtain a wafer of charcoal of 
the same weight as the piece introduced. In this 
experiment we have changed carbon from its solid 
form to an invisible gas and back again to a solid, 
thus frilly representing the continual changes of this 
substance in the destruction of organic matter and 
the growth of plants. 



• •• 



CHAPTER m. 

HYDBOaEH, OXYGEN AND NITBOGBN. 

HYDBOGEN AND OXYGEN. 

Let us now consider the- three gases, hydrogen^ 
oxygen and nitrogen^ which constitute the remainder 
of the oiganic part of plants. 

Hydrogen and oxygen compose watery which, if 
analyzed, yields simply these two gases. Plants per- 
form such analysis, and in this way are ^ble to ob- 
tain a sufficient supply of these materials, as their 

What is water composed off « 

If analyzed, what does it yield ff 

How do plants obtain their hydrogen and oj^genf 
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sap ifi composed chiefly of water. Whenever vege- 
table matter is destroyed by bunung, decay, or 
otherwise, its hydrogen and oxygen unite and form 
water, which is parted with usually in the form of an 
invisible vapor. The atmosphere of course contains 
greater or less quantities of watery vajwr arising from 
this cause and from the evaporation of liquid water. 
This vapor condenses, formipg rains, etc. 

Hydrogen and oxygen are never taken into con- 
idderation in manuring lands, as they are so readily 
obtained from the water constituting the sap of the 
plant, and consequontly should not occupy our atten- 
tion in this book. 

NITROGEN. 

NitrogeUy the only remaining orgcmic constituent 
of vegetable matter, is for many reasons worthy of close 
attention. 

1. It is necessary to the growth and perfection of 
all cultivated plants. 

2. It is necessary to the formation of animal 
muscle. ^ 

3. It is often deficient in the soil. 

4. It is liable to be easily lost from manures. 
Although about four fifths of atmospheric air 

are pure nitrogen, it is almost certain that plants 

-■'1 ' ' ~~ ' ' * 

If vegetable matter be destroyed, what becomes of these con- 
Btituents? 

What is the remaining organic constitaentf 

Why is it worthy of close attention? 

Do plants appropriate th6 nitrogen of the fttmosphere f 
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get no nutriment at aU from thia Booioa It ia all 
obtained fix)m some of its compounds, chiefly firom 
the one called ammonia. Nitric acid is also a sojirce 
from which plants may obtain nitrogen, though, to 
tbe fanner,of less importance than ammonia. 



AMMONIA. 

Ammonia is composed of nitrogen and hydrogen. 
It has a pungent smell and is familiarly known as 
hartshorn. The same odor is perceptible around 
stables and other places where animal matter is de- 
composing. All animal muscle, certain pcurts of 
plants, and other organized substances, consist of 
compounds containiug nitrogen. When these com- 
pounds undergo combustion, or are in any manner 
decomposed, the nitrogen which they contain usually 
unites with hydrogen, and forms ammonia. In con- 
sequence of this the atmosphere always contains 
more or less of this gas, arising from the decay, etc., 
which is continually going on all over the world. 

This ammonia in the atmosphere is the capital 
stock to which aU plants, not artificially manured, 
must look for their supply of nitrogen. As they can 
take up ammonia only through their roots, we must 

What is the principal source from which they obtain mtrogen t 

What is ammonia I 

How id it formed f 

Where does it always esdstf 

How do plants take up ammonia! 
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discover some means by which it may be conveyed 
from the atmosphere to the soil. 

Water may be made to absorb many times its 
bulk of this gas, and water with which it comes in 
contact will immediately take it up. Spirits of 
hartshorn is merely water through which ammonia 
has been passed until it is saturated.** This power 
of water has a direct application to agriculture, 
because the water constituting rains, dews, &c., 
absorbs the ammonia which the decomposition of 
nitrogenous matter had sent into the atmosphere, 
and we find that all rain, snow and dew^ contain 
ammonia. This fact may be chemically proved in 
various ways, and is perceptible in the common 
operations of nature. Every person must have 
noticed that when a summer's shower falls on the 
plants in a flower garden, they commence their* 
growth with fresh vigor while the blossoms become 
larger and more richly colored. This effect cannot be 
produced by watering with spring water, unless it be 
previously mixed with ammonia, in which case the 
result will be the same. 

Although ammonia is a gas and pervades the 
atmosphere, few, if any, plants can take it up, as 

* B^ taiurated, we mean that it contains all that it is capable 
of holding. 



Does water absorb it? 

What is 8pirii9 of harUhom i 

Why is this power of water important in agrienltoref 

What instanoe may be eited to prove thief 
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they do carbonic add, through their leaves. It 
mnst all enter through the roots in solution in the 
water which goes to form the sap. Although the 
amount received fix)m the atmosphere is of great 
importance, there are few cases where artificial ap- 
plications are not benefidaL The value of farm-yard 
and other animal manures, depeifds chiefly on the 
ammonia which they yield on decomposition. This 
subject, ako the means for retaining in the soil the 
ammoniacal ^rts of fertilizing matters, will be fully 
considered in the section on manures. 

After ammonia has entered the plant it may 
be decomposed, its hydrogen sent off, and its 
nitrogen retained to answer the purposes of growth. 
The changes which nitrogen undergoes, from plants 
to animals, or, by decomposition, to the form of 
ammonia in the atmosphere, are as varied as those of 
carbon and the constituents of water. The same 
little atom of nitrogen may one year form a part of a 
plant, and the next become a constituent of an animal, 
or, with the decomposed dead animal, may form a 
part of the soil. If the animal should fall into the 
sea he may become food for fishes, and our atom of 
nitrogen may form a part of a fish. That fish may 
bei eaten by a larger one, or at death may become 



Can plants use more ammonia than is received from the atmos- 
phere f 

On what does the ralne of animal manure chiefly depend t 
What changes take place after ammonia enters Uie plant t 
Kay the same atom of nitrogen perform many different offices f 
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food for the whale, through the marine insect, on 
which it feeds. After the abstraction of the oil from 
the whale, the nitrogen may, by the putrefaction of 
his remains, be united to hydrogen, form ammonia, 
and escape into the atmosphere. From here it may 
be brought to the soil by rains, and enter into the 
composition of a'^plant, from which, could its parts 
speak as it lies on our table, it could tell us a wonder- 
ful tale of travels, and assure us that, after wander- 
ing about in all sorts of jdaces, it had returned to 
us the same little atom of nitrogen which we had 
owned twenty years before, and which for thousands 
of years had been continually going through its 
changes. 

The same is true of any of the organic or in- 
organic constituents of plants. They are performing 
their natuial office^, or are lying in the earth, or 
floating in the atmosphere, ready to be lent to any 
of their legitimate uses, sure again to be returned to 
their'starting point. 

Thus no atom of matter is ever lost. It may 
change its place, but it remains for ever as a part of 
the capital of nature. 



Ib the same true of the other coDBtltuentB of plant§t 
Is any atom of matter ever loett 
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CHAPTER IV. 

INOBGANIO MATTEB. 

We will now examine the aahes left after burning 
vegetable 8ub6tance& This we have called inoi^nic 
matter, and it is obtained fix)m the soiL" Oi^anic 
matter, although forming so laige a part of the plant, 
we have seen to conpst of four different substancea 
The inoiganic portion, on the contrary, although 
forming so small a part, consists of no less than nine 
or ten different kinds of matter.^ These we will 
consider in order. In their relations to agriculture 
they may be divided into three classes — aikalieSy acids, 
B,ndneutral8.'\' 

A&alies and acids are of opposite properties, and 
when brought together they unite and neutralize 
each other, forming compounds which are neither al- 
kaline nor acid in their character. Thus, carbonic 
acid (a gas,) unites with lime — a burning, caustic 
substance — and forms marble, which is a hard,taste- 

* Bromine, iodine, etc, are lometiBiefl detetted'in particular 
planter but need not occupy the attention of ihe farmer. 

4 Thia claadfication is not strictly sctentiflc, but it is one wbich 
the learner will find it well to adopt These bodies are called 
neutrals because they have no decided alkaline or acid eharaoter. 



What are aehes called! 

How many kinds of matter are there in the ashes of plants f 

Into what three classes may they be divided ? 

What tiUces place when alkalies and aoids are brought togethw I 
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less stone. Alkalies and acids are characterized by 
their desire to unite with each other^ and the com* 
pounds thus formed have many and various proper- 
ties^ so that the characters of the constituents give 
no indication of the character of the compound. 
For instance, lime causes the gases of animal manure 
to escape, while sulphate of lime (a compound of 
sulphuric acid and lime) produces an opposite effect, 
and prevents their escape. 

The substances coming under i^he signification of 
neutrals, are less affected by the laws of combination, 
still they often combine feebly with other substances, 
and some of the resultant compounds are of great 
importance to agriculture. 

ALKALIES. 

The alkalies which are found in the ashes of 
plants are four in number ; they are potash, soda, 
liTne and magnesia. 

POTASH. 

When we pour water over wood ashes it dissolves 
the potash which they contain, and carries it through 

Is the character of a compoTipd the same as that of its con- 
st ttentsi 

Give an instance of this. 

Do neutrals combine with other substances! 

Kame the four alkalies found in the ashes t>f plants. 
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• 

in solution. This solution is called fey, and if it be 
boiled to dryness it leaves a solid substance from 
which .pure potash may be made. Potash left ex- 
posed to the air absorbs carbonic acid and becomes 
carbonate of potash, or peaHash / if another atom of 
carbonic acid be added, it becomes super-carbonate of 
potash, or aaiarcstvs. Potash has many uses in agri- 
culture. 

1. It forms a constituent of nearly all plants. 

2. It unites with silica (a neutral), and forms a 
compound* which water can dissolve and carry into 
the roots of plants ; thus supplying them with an 
ingredient which gives them much of their strength.** 

3. It is a strong agent in the decomposition of 
vegetable matter, and is thus of much importance in 
preparing manures. 

4. It roughens the smooth round particles of 
sandy soils, and prevents their compacting, as they 
are often liable to do. 

5. It is also of use in killing certain kinds of 
insects, and, when artificially applied, in smoothing 
the bark of fruit trees. 

The source from which this and the other inor- 

* In some soils the fiuoridu utidoubtedly supply plants with 
soluble silicates, as fluoric acid has the power of dissolving silica. 
Thus» in Derbyshire (England)^ where the soil is supplied with 
fluoric acid, grain is said never to lodge. 



How may we obtain potash from ashes I 
What are some of its agriooltaral uses! 



• I 

'32 THE PLANT. 

ganic matters requiied are to be obtained^ will be 
ftilly considered in the section on manures. 



SODA. 

Soduy one of the alkalies contained in the ashes 
of plants^ is very much the same as potash in its 
agricultural character. Its uses are the same as 
those of potash — ^before enumerated. Soda exists 
very largely in nature, as it forms an important part 
of common salt, whether in the ocean or in those in- 
land deposits known as rock salt. When combined 
with sulphuric acid it forms sulphate of soda OT-Olau* 
ber^$ salts. In combination with carbonic acid, as 
carbonate of soda, it forms the common washing soda 
of the shops. It is often necessaiy to render soils fertUe. 

LIME. 

Lime is in many ways important in agriculture : 

1. It is a constituent of plants and animals. 

2. It assists in the decomposition of vegetable 
matter in the soil. 

3. It corrects the acidity* of sour soils. 

* Sourness. 

Where is soda found most largely 4 

Wliat is Glauber's salts f 

Wliat is washing soda! 

Wliat are some of the uses of lime I 
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4. As chloiide or sulphate of lime it is a good 
^absorbent of fe^iliziiig gases. 

In nature it usually exists in tbe form of car- 
bonate of lime : that is, as marble, limestone, and 
chaUc — ^these all being of the same composition. In 
manufacturing caustic (or quick) lime, it is customary 
to hxan the carbonate of lime in a kiln ; by this 
means the carbonic acid is thrown off into the atmo- 
sphere and the lime remains in a pure or caustic state. 
A French chemist states that every cubic yard of 
limestone that is burned, throws off ten thousand 
cuIhc yards of carbonic acid, which may be used by 
plants. This reminds us of the story of Sinbad the 
sailor, where we read of the immense genie who came 
out of a very small box by the seashore, much to the 
surprifle of Sinbad, who coidd not believe his eyes, 
until the genie changed himself into a cloud of smoke 
and went into the box again. Sinbad fastened the 
lid, and the genie must have remained there until the 
box was destroyed. 

Now man is very much like Sinbad, he lets the 
carbonic acid out from the limestone (when it ex- 
pands and becomes a gas) ; and then he raises a 
crop, the leaves of which drink it in and pack the 
carbon away in a very siball compass as vegetable 
matter. Here it must remain until the plant is de- 



How is caoBtic lime made f 

How much carbonic acid is thus liberated! 

How does maa resemble Sinbad the sailor t 

2* 
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stroyed, when it becomes carbonic acid again, and 
occupies just as ipuch space as ever. ^ 

The burning of limestone is a very prolific source 
of carbonic acid. 



MAGKESIA. 

Magnesia is the remainiag alkali of vegetable 
ashes. It is well known as a medicine, both in the 
form of calcined magnesia, and, when mixed with sul- 
phuric acid, as epsom salts. 

Magnesia is necessary to nearly all plants, but 
too much of it is poisonous, and it shoidd be used 
with much care, as many soils already contain a suf- 
ficient quantity. It is often found in limestone rocks 
(that class called dolomites), and the injurious effects 
of some kinds of lime, as well as the barrenness of 
soils made from dolomites, may be attributed entirely 
to the &ct that they contain too much magnesia. 



A I D 9. 
PHOSPHORKJ ACID. 

Phosphoric acid, — ^This subject is one of the 
greatest interest to the farmer. Phosphoric acid 

What do you know about magnesia t 

What is phosphoric acid composed off 

With what substance does it form its most important compound t 
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18 composed of phosphorus and oxygen. The 
end of a loco-foco match contains phosphorus, and 
when it is lighted it unites with the oxygen of the 
atmosphere and forms phosphoric acid ; this consti- 
tutes the white smoke which is seen for a moment 
before the sulphur commences burning. Being an 
acid; this substance has the power of combining with 
any of the alkalies. Its most important compound 
is with lime. 

Pho^phaJte of lime forms about 65 per cent, 
of the dry weight of the bones of all animals, and 
it is all derived firom the soil through the medium 
of plants. As plants are intended as food for 
animals, nature has provided that they shall not 
attain their perfection without taking up a sup- 
ply of phosphate of lime as well as of the other 
earthy matters ; consequently, there are many soUb 
which will not produce good crops, simply because 
they are deficient in phosphate of lime. It is one of 
the most important ingredients of manures, and its 
valne is dependent on certain conditions which will 
be hereafter explained. 

Another use of phosphoric add in the plant is 
to supply it with a small amount of pTw^Tiorus, 
which seems to be required in the formation of the 
seed. 



Will soils, deficient in phosphate of lime, produce good crops t 
IVom what source do jj^nts obtain their pnosphorosf 
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SULPHURIO ACID. 

Sutphwric acid is important to vegetation and is 
often needed to render soils fertile. It is composed 
of sulphur and oxygen, and is made for manufactur- 
ing purposes, by burning sulphur. With lime it forms 
sulphate of lime, which is gypsum or ' plaster.' In 
this form it is often found in nature, and is generally 
used in 'agriculture. Other important methods for 
supplying sulphuric acid will be described hereafter. 
It gives to the plant a small portion of mlphuvy 
which is necessary to the formation of some of it» 
parts. 

NEUTBALS. 
BILIOA. 

This is sand, the base of flint. It is necessary 
for the growth of all plants, as it gives them much 
of their strengtL In connection with an alkali it 
constitutes the hard shining surface of com stalks, 
straw, etc. Silica unites with the alkalies and forms 
compounds, such as aUicate of potash, sUiccUe of 
soda, €te,y which are soluble in water, and therefore 

What is Bulphurio acid composed oft 

Wliat is plaster? 

What is silica? 

Wlij is it necessary to the growth of plants? 

What compounds does it form -with alkalies? 



availaUe to plants. If we rotighen a com stidb 
with sand-paper we may sharpen a knife upon it. 
This is owing to the hard particles of silica which it 
contains. Window glass is silicate of potash, ren- 
dered insoluble by additions of arsenic and litharge. 

Liebig tells us that some persons discovered, 
between Manheim and Heidelberg in Germany, a 
masis of melted ^lass where a hay-stack had been 
struck by lightning. They supposed it to be a 
meteor, but chemical analysis showed that it was only 
the compound of silica and potash which served to 
strengthen the grass. 

There is always enouffh silica in the soil, but it 
is often necessary to add an alkali to render it avaa- 
able. When grain, etc., lodge or fall down from 
their own weight, it is altogether probable that they 
are unable to obtain from the soil a sufficient supply 
of the soluble silicates, and some form of alkali 
should be added to the soil to unite with the sand 
and render it soluble. 



CHLOBINIL 

Chlorine is an important ingiedient of vegetable 
ashes, and is often required to restore the balance to 

How can jou prove its existence in corn stalks! 

What instance does Liebig give to show its existence in grass I 

How do we stipply silicates! 

Why does grain lodge f 

What is the x&obI^ important compound of chlorine! 
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the soiL It is not found alone in nature, but is < 
always in combination with other substances. Its 
most important compound is with sodium, forming 
chloride of sodium (or common salt). Sodium is the 
base of soda, and common salt is usually the best 
source from which to obtain both soda and chlorine. 
Chlorine unites with lime and forms chloride oflime^ 
which is much used to absorb the unpleasant odors 
of decaying matters, and in this character it is of use 
in the treatment of manures* 



OXIDE OF IBON. 

Oxide of irony one of the constituents of ashes, is 
common iron rust. Iron itself is naturally of a 
grayish color, but when exposed to the atmosphere, 
it readily absorbs oxygen and fonxits a reddish com- 
pound. It is in this form that it usually exists in 
natm*e, and many soils as well as the red sandstones 
are colored by it. It is seldom, if ever, necessary to 
apply this as a manure, there being jisually enough 
of it in the soiL 

This red oxide of iron, of which we have been 
speaking, is called by chemists the peroxide. There 
is another compound which contains less oxygen than 



Of what use is chloride of limet. 
What is oxide of iron ? 

What is the difference between the peroxide and the f>r9<ozide 
of iron t 
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Uus^ and is called the protoooide of iton, which is 
poisonoiis to plants. When it exists in the soil it is 
necessary to use such means of cnltivation as shaD 
expose it to the atmosphere and allow it to take up 
more oxygen and become the peroxide. The black 
scales which fly from hot iron when struck by the 
blacksmith's hammer are protoxide of iron. 

The peroxide of iron is a very good absorbent of 
ammonia^ and consequently, as will be hereafter 
described, adds to the fertility of the soiL 

Oxide of Manqanssb, though oftenfound in small 
quantities in the ashes of cultivated plants, cannot 
be considered indispensable. 

Having now examined all of the materials from 
which the ashes of plants are formed, we are enabled 
to classify them in a simple manner, so that they may 
be recollected. They are as follows : — : 



AT.ITAT.TTO. 

Potadi. 
Soda. 
Lime. 
Magnesia. 


AdZML 

Sulphuric acid. 
Phosphoric " 


Silica. 
Chlorine. 
Oxide of Iron. 
" Manganese 



There is reason to suppose that alumina is an essential 
eonstitaent of many plants. 

■■■''■'■■■' I I I ' ■ ■ I I ■!■< I III! Ill I a 

What can you say of the oxide of manganese f 
How do you classify the inorganio oonstituetttsf 
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CHAPTEE V. 



GBOWT H. 



Haying examined the materials of which plants 
are made^ it becomes necessary to discover how thejr 
are put together in the process of growth. Let us 
therefore suppose a young wheat-plant for instance 
to be in condition to commence independent growth. 

It consists of roots which are located in the soil ; 
leaves which are spread in the air, and a stem which 
connects * the roots and leaves. This stem con- 
tains sap vessels (or tubes) which extend &om the 
ends of the roots to the suifiices of the leaves, thus 
affording a passage for the sap, and consequently 
allowing the matters taken up to be distributed 
throughout the plant. 

It is necessary that the materials of which plants 
are made should be supplied in certain propor- 
tions, and at the same time. For instance, carbon 
could not be taken up in large quantities by the 
leaves, unless the roots, at the same time, were re-, 
ceiving from the soil those mineral matters which are 
necessary to growth. On the other hand, no con- 

Of what does a perfect young plant consist t 
How must the food of plants be supplied f 
Can carbon and earthy matter be taken up at separate stagei 
ef growth, or most they both be supplied at oncef 
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ddeiable amount of earthy matter could be appro* 
priated by the roots unlees the leaves were obtaining 
carbon from the air. This sfone role holds tme with 
regard to all of the constitnents required ; Nature 
seeming to have made it a law that if one of the 
important ingredients of the plant is absent, the 
others, though they may be present in sufficient 
quantities, cannot be used. Thus, if the soil is de- 
ficient in potash, and still has sufficient quantities 
of all of the other ingredients, the plant cannot take 
up these ingredients,, because potash is necessary to 
its Ufe. 

If a farmer wishes to make a cart he prepares his 
wood and iron, gets them all in the proper condition, 
and then can very readily put them together. But 
if he has all of the wood necessary and no irouy he 
cannot make his cart, because bolts, nails and screws 
are required, and their place cannot be supplied by 
boards. This serves to illustrate the fact that in 
raising plants we must give them every thing that 
they require, or they will not grow at alL < 

In* the case of our young plant the following opera- 
tions are going on at about the same time. 

The leaves are absorbing carbonic acid from the 
atmosphere, and the roots are drinking in water from 
the soiL 



What Beems to be natare's law with regard to thist 
What is the similarity between making a cart and raising a erop.t 
In tibe growth of a young plant» what operations take place 
about the same time! 
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Under the inflnence of daylight, the carbomc acid 
is decomposed ; its oxygen returned to the atmos^ 
phere, and its carbon relmned in the plant. 

The water taken in by the roots circulates 
through the sap vessels of the plant, and, from 
various causes, is drawn up towards the leaves where 
it is evaporated. This water contains the nitrogen 
and the inorganic rnatter required by the plant and 
some carbonic acid, while the water itself consists of 
hydrogen and oocygen. 

Thus we see that the plant obtains its food in the 
following manner : — 

Carbon. — ^In the form of carbonic acid from the 

atmosphere, and from that contained 
in the sap, the oxygen being returned 
to the air. 

UXYGEN J Prom the elements of the water con- 

C stituting the sap. 
Hydrogen. / 

Nitrogen. — ^From the soil (chiefly in form of am- 

• monia). It is carried into the plant 

through the roots in solution in water. 

Inorganic 7 From the soil, and only insoltUion 
Matter, j in water. 



What becomeB of the carbonic acid? 

How is the sap disposed off 

What does it contain? 

How does the plant obtain its carbon? 

Its oxygen and hydrogen? 

Its nitrogen ? 

Its inorganic matter? 
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Many of the chemieal changes which take place 
in the interior of the plant are well underBtood, but 
they require too much knowledge of chemistry to be 
easily comprehended by the young learner, and it is 
not absolutely essential that they should be under- 
stood by the scholar who is merely learning the 
demefrdB of the science. 

It is sufficient tosay that the food taken up by the 
plant undergoes such changes as are required for its 
growth ; as in animals, where the food taken into the 
stomach, is digested, and formed into bone, musc1^, 
fi9.t,hair, etc>, so in the plant the^utritive portions of 
the sap are resolved into wood, bark, grain, or some 
other necessary part. 

The TtsuliB of these changes are of the greatest 
importance in agriculture, and no person can call 
himself a ^oc^tcd! farmer who does not thoroughly 
understand them. 



• •• 



CHAPTEB VI. 

PBOZI'J[ATE DIVISION OF PLANTS, BTO. 

Ws hav^ hitherto examined what is called the 
tdtimaJte division of plants. That is, we have looked 
at each one of the elements separately, and cm- 

sidercd its use in vegetable growth. 

~ ■ - ■ , - - ■ - , , _ ^ 

Wiiai efaangeB doei the food taken up by the plent ludergoff 
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We wOl now examiiie another division of plants, 
called their 'proodmcde division. We know that 
plants consist of various substances^ such as wood^ 
gum, starch, oil, etc., and on examination we shall 
disicover that these substances are composed of the 
various organic and inorganic ingredients described 
in the preceding chapters. They are made up almost 
entirely of organic matter, but their ashy parts, 
though very small, are (as we shall soon see) some*- 
times of great importance. 

^ These compounds are called proximate prind- 
pleSy^ or vegetable jg^roodmates. They may be di- 
vided into two classes. 

The first class are composed of carbon, hydrogeny 
and oxygen. 

The second class contain the same substances 
and nUrogen. 

The first class (those compounds not containing 
nitrogen) compriee the wood, starch, gum, sugar, and 
fatty matter which constitute the greater part of all 
plants, also the acids which are found in sour fruits, 
etc. Various as are all of these things in their charao- 

* By proximate principle^ we mean that combination of vege- 
table elements which is known as a vegetable product, such as 

wood, etc 

■ ' " ' I - ■ I II.. — I .^— ^— I 11 ■ ■» 

Of what do wood, starch and the other vegetable compounds 
chiefly consist f 

Are their small ashy parts important f 

Wbat are these compounds called I 

Into how many classes may proximate principles be divided! 

Of what do the first class consist! The second! 

What vegetable compounds do the first class comprise! 
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teiB, they axe entirely composed of the same ingre- 
dieiits (carbon, hydrogen and oxygen), and usually 
combined in about the aame proportion. There may 
be a slight difference in the composition of their ashes j 
but the organic part is much the same in every case, 
flo much so, that they can often be artificially changed 
fit>m one to the other. 

As an instance of this, it may be recollected by 
those who attended the Fair of the American Insti- 
tute, m 1834, that Prof. Mapes exhibited samples 
of excellent sugar made from the juice of the corn- 
stalk, starch, linen, and woody fibre. 

The ease with which these proximates may be 
changed from one to the other is their most impor- 
tant agricultural feature, and should ^be clearly 
understood before proceeding fitrther. It is one of 
the fundamental principles on which the growth of 
both vegetables' and animals depends. 

The proximates of the first class constitute usual- 
ly the greater part of all plants, and they are readily 
formed from the carbonic acid and water which in 
nature are so plentiftilly supplied. 

The second class of proximates, though forming 
only a small part of the plant, are of the greatest 
importance to the farmer, being the ones from which 



Are these substances of about the same composition f 
Can they be artificially changed from one to another f 
Give an instance of this. 

Ib the ease with which these changes take place important 
From whfit may the first class of prozimatea b« fomad t 
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amwcrfmtwcfe* is made. They consist, as will be re- 
collected, of carbon, hydrogen, oxygen and nitrogefij 
or of aU of the organic elements of plants. They are 
all of much the same character, though each kind of 
plant has its peculiar form of this substance, which is 
known under the general name of protein. 

The protein of wheat is called glufen-r-tliAt of 
Indian corn is zein — ^that of beans and peas is legumin. 
In other plants the protein substances are vegetable 
albumenj cctseiny etc. 

G-luten absorbs lai^ quantities of water, which 
causes it to swell to a great size, and become Aill of 
holes. Flour which contains much gluten, makes 
Kght, porous bread, tod is preferred by bakers, 
because it absorbs so large an amount of water. 

The protein substances are necessary to animal 
and vegetable life, and none of otir cultivated plants 
will attain maturity (complete their growth), unless 
allowed the ipaterials required for forming this con- 
stituent. To furnish this condition is the object of 
nitrogen given to plants as manure. If no nitrogen 

* Muscle is lean meat, it gives to animals their strength and 
ability to perform labor. 



Why are those of the second class particularly important to 
fiArmers? 

What is the general name under which they are known ? 

What is the protein of wheat called ? 

Why is flour containing much gluten preferred by bakers f 

Can protein be formed without nitrogen f 

If plants were allowed to complete their growth without a sup- 
ply of this ixigi«di«n(^ what would b« the result t 
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38 supplied the pTotein Bubstanoes cannot be Ibnued, 
and the plant must cease to grow. 

When on the contrary ammonia is given to the 
soil (by rains' or otherwise), itfhmishes nitrogen, 
while the carbonic acid and water yield the other 
constituents of protein, and a healthy growth con- 
tinues, provided that the soil contains the mineral 
matters required in the formation of the ash, in a 
dcHidition to be^usefoL 

The wisdom of this provision is evident when we 
recollect that the protein substances are necessary to 
the formation of muscle in animals, for if plants were 
allowed to complete their growth without a supply of 
this ingredient, our grain and hay might not be suffi- 
ciently well supplied with it to keep our oxen and 
horses in working condition, while under the existing 
law plants must be of nearly a uniform quality (in 
this respect), and if a field is short of nitrogen, its 
crc^ will not be large, and of a very poor quality, but 
the soil will produce good plantstus long as the ni- 
trogen lasts, and then the growth must cease.^ 

AKIMALS. 

That this principle may be clearly understood, it 
may be well to exphdn more fully the application of 

* Thia^ of course, supposea that the soil is fertile in other respeote. 



What is the result if A field be defieient in nitrogen f 
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the proximate constitutents of plants in feeding 
animals. 

Animals are composed (Uke plants) of organic 
and inorganic matter, and every tbing necessary to 
build them up exists in plants. It seems to be . 
the office of the vegetable world to prepare the gases 
in the atmosphere, and the minerals in the earth for 
the uses of animal life, and, to effect this plants,put 
these gases and minerals together ii^ the form of the 
various proximMea (or compound substances) which 
we have just described. 

In animals the compounds containing no nitrogen 
comprise the &tty substances, parts of the blood, etc., 
while the protein compounds, or those which do c&nr- 
tain nitrogen, form the muscle, apart of the bones, 
the hair, and other portions of the animal 

Animals contain a larger proportion of inorganic 
matter than plants do. Bones contain a large 
quantity of phosphate of lime, and we find other 
inorganic materials performing important offices in 
the system. 

In onferthat animals- may be perfectly developed, 
they must of course receive as food all of the materials 
required to fonn their bodies. They cannot live if 
fed entirely on one ingredient. Thus, if starch alone 

Of what are the bodies of animafe composed! 

What is the office of vegetation ? 

What part of the animal is formed from the first class of prox- 
imates? From the second 9 

Which contains the largest portions of inorganic matter, plants 
or animals 9 

Must animals have a yariety of food, and vhyt 
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be eaten by the animal, he might become/o^, bat his 
strength would soon fail, because his food contains 
nothing to keep up the vigor of his musdes. If on 
the caatTBrj the food of an animal consisted entirely 
of gluten^ he might be very strong firom a superior de- 
velopment of muscle, but would not be fat. Hence 
we see that in order to keep up the proper proportion 
of both fat and muscle in our animals (or in ourselves), 
the £xk1 must be such as contains a proper proportion 
of the two kinds of proximates. 

It is for this reason that grain, such as wheat for 
instance, is sd good for food. It contains both 
classes of proximates, and furnishes material for the 
formation of both fat and muscle. The value otJUmr 
depends very much on the manner in which it is 
manufactured. This will be soon explained. 

Ap^rt firom the relations between the proadmaie 
principles o{ plants, and those of animals, there exists 
an important relation between their ashy or inorganic 
parts ; and, food in order to satisfy the demands of 
animal life, must contain the mineral matter required 
for the purposes of that life. Take bones foj: instance. 
If phosphate of lime is not always supplied in suffi- 
cient quantities by food, animals are prevented firom 
the formation of healthy bones. This is particularly 



Why is grain good for foodil 
On what does the value of flour depend f 
Is there any relation between the ashy part of plants and 
diose of animals f 

How may we account for unhealthy bones and teeth ff 
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to be noticed in teeth. Where food is deficient of 
phosphatev of lim^ we see poor teeth as a result. 
Some physicians have supposed that one of the causes 
of consumption is the deficiency of phosphate of Kme 
in food. 

The first class of proximates (starch, sugar, gum, 
etc.), perform an important office in the animal 
economy aside from their use in making fat. They 
constitute, the fud which pupplies the animal's fire, 
and gives him his Aea#. The lungs of men ^nd other 
animals may be called delicate stoves^ which supply 
the whole body with heat. But let us explain this 
matter more fully-; If wood, starch, gum, or sugar, 
be burned in tf stove, th^y produce heat. These 
substances consist, as will be recollected, of carbon, 
hydrogen, and oxygen, and when they are destroyed 
in any way (provided they be exposed to the atmos- 
phere), the hydrogen and oxygen unite and form 
water, and the carbon unites with the oxygen of the air 
and forms carbonic acid, as was explained in a. pre- 
ceding chapter. This procesd is always accompanied 
by the liberation of heat^ and the intensity of this 
heat depends on the time occupied in it^ production. 
In the case of decay, the chemical changestake place 
so slowly that the heat, being conducted away as soon 

What is a probable caase of consumptioii t 

What is an important use of the first class of prozimatesi 

What may lungs be caUed ? 

Explain the production of iieat daring decomposition. 

Way is the he^t produced bj decay not perceptible I 
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as formed, 10 not perceptible to our senses. In com- 
bnstioii (or burning) the same changes take place 
with much greater rapidity, and the same amount 
of heat being concentrated, or brought out in a 
far shorter time, it becomes intense, and therefore 
apparent. In the lungs of animals the same law holds 
true. The blood contains matters belonging to this 
carbonaceous class, and they undergo in the lungs the 
changes which have been described under the head of 
combustion and decay. Their hydrogen and oxygen 
unite, and form the moisture of the breath, while 
their carbon is combined with the oxygen of the air 
drawn into the lungs, and is thrown out as carbonic 
acid. The same consequence — ^heat — ^results in this, 
as in the other cases, and this heat is produced with 
sufficient rapidity for the animal necessities. When 
an animal exercises violently, his blood circulates 
with increased rapidity, thus carrying carbon more 
rapidly to the lungs. The breath also becomes 
quicker, thus supplying increased quantities of 
oxygen. In this way the decomposition becomes 
more rapid, and the animal is heated in proportion. 

Thus we see that food has another function 
besides that of forminff animal matter, namely to 
supply heat. When me food does not contain a 

sufficient quantity of starch, sugar, etc., to answer 

_____ — t — _-^ — _ — ■ I ■ ■ I. - 

Why is the heat prodaced by eombuBtion apparent! 
Explain the production of heat in the InSgs of animals ? 
Why does exercise augment the animal heat 9 
Under what circumstances is the animars own fat used in the 
production of heat f 
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the demands of the system the animaJPs own faJt is 
* carried to the Itrngs, and there used in the produc- 
tion of heat. This important feet will be referred to 
again. 



• •• 



CHAPTER Vn. 

LOCATION OF THE PBOXIMATES AND YABIATIONS 
IN THE ASHES OF PLANTS. 

Let us now examine plants with a view to learn- 
ing the location of the various parts. 

The' stem or trunk of the plant or tree consists 
almost entirely of woody fibre ; this also forms a large 
portioji of the other parts except the seeds, and, in 
some instances, the roots. The roots of the potato 
contain large quanties of starch. Other roots such 
as the carrot and turnip contain pectic acid,^ a 
nutricious substance resembUng starch. 

It is in the seed however that the more nutritive 
portions of most plants exist, and here they maintain 

* This pectic acid gelatinizes food in the stomach, and thus 
renders it more digestible. 



Of what proximate are plants chiefly composed f 

What is the principal constitaent of the potato root t 

Of the carrot and turnip f 

What part of the plant eontaini usually the most nutnniant t 
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certain lelatire podtiona which it ja well to under- 
stand, and which can be best explained hy reference ' 
to the following figures, as described by Pro£ 
Johnston ; — 

Fig. I. 



" Thus a shows the position of the oil in the outer 
pait of the seed — ^it exists in minnte drops, inclosed 
in six-sided cells, which consiats chiefly of gluten ; b, 
the pocdtion tmd coinparstive quantity of the starch, 
which in the heart of the seed ia nuxed with only a 
small proportion of gluten ; c, the germ or chit which 
contains much gluten."* 

The location of the inorganic part of plants is one 
of much interest, and shows the adaptation of each 
part to its particular use. Take a wheat plant, for 
instance — ^the stalk, the leaf, and the gram, show in 
their ashes, important difference of composition. 
The stalk or straw contains three or four tim^ as 
large a proportion of ash as the grain, and a no less 
remarkable difference of composition may be noticed 

See Jetntaton'a Elemecta, page 41. 
Li (be'campoaitioa of tlie inorganio mattsr of different parte of 
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in the aahes of the two parts. In that, of the straw, 
we find a lai^ proportion of silica and scarcely any 
phosphoric add, while in that of the grain there is 
scarcely a trace of silica, although phosphoric acid 
constitutes more than one half of the entire weight. 
The leaves contain a considerable quantity of lime. 

This, may- at first seem an unimportant matter, 
but on examination we shall see the use of it. The 
straw is intended to support the grain and leaves, 
and to convey the sap £rom the roots to the upper 
portions of the plant. To perform these offices, 
^rengtk is required, and this is given by the aUioa, 
and the woody fibre which forms so large a proper-* 
tion of the stalk. The silica is 'combined with an 
alkali, and constitutes the glassy coating of the straw. 
While the plant is young, this coating is hardly ap- 
parent, but as it grows older, as the grain becomes 
heavier, (verging towards ripeness), the silicious 
coating of the stalk assumes a more prominent cha- 
racter, and gives to the straw sufficient strength to 
support the golden head. The straw is not the most 
important part of the plant as /ooc2, and therefore 
requires but little phosphoric acid. 

The grain, on the contrary, is especially intended 
as food, and therefore must contain a large propor* 
tion of phosphoric acid — ^this being, as we have al« 



Wliat is the reason for thk difference f 
I Id what part of the grain dpes phosphoric aoid exist moii 

largely f 
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ready leamed, neceflsaiy to the finrnation of bone- 
while, as it has no necessitj for strength, and as 
silica is not needed bj animals, this ingredient exists 
in the grain only in a veiy small proportion, It may 
be well to observe that the phosphoric acid of grain 
exists most largely in the hard portions near the 
sheU, or bran. This is one of the reasons why Gra- 
ham flour is more wholesome than fine flonr. It 
contains all of the nutritive materials which render 
the grain valuable as food, while flour which is very 
finely bolted^ contains only a small part of the outer 
portions of the grain (where the phosphoric add^ 
protein and fisttty matters exist most largely). The 
starchy matter in the interior of the grain, which is 
the least capable of giving strength to the animal, is 
carefully separated, and used as food for man, while 
the better portions, not being ground so finely, are 
r^ected. This one thing alone may be sufficient to 
account for the fsrCt, that the lives of men have be- 
come shorter and less blessed with health and strength, 
than they were in the good old days when a stone 
mortar and a coarse sieve made a respectable flour 
mill. 

Another important fistct concerning the ashes of 
plants is the difference of their composition in differ- 
ent plants. Thus, the most prominent ingredient in 

* Sifted through a fine doth called a bolting cloth. 

Why IS CFraham flcmr mbre wholesome than fine flour/ 
Are the ashes of all plants the same in their oomposition 
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the aah of the potato is potash ; of wheat and other 
gcsioBf phosphoric acid ; of meadow hay^ silica ; of 
clover, Kwe ; of beans, potash^ etc. In grain, pot- 
ash (or 8od(z)y etc., are among the important ingre* 
dients. 

These differences are of great importance to the 
practical faxn>er, as by undLtandiiig what kind of 
plants use the most of one ingredient, and what kind 
requires another in large proportion, he can regulate 
his crops so as to prevent his soil &om bemg exhaust, 
ed more in one ingredient than in the bthers, and 
can also manure his land with reference to the crop 
which he intends to grow. The tables of analyses 
in the fifth section wiU point out these differences 
accurately. 



«.» 



CHAPTER yill. 

BB CAPITULATION. 

We have now learned as mnch about the plant as is 
required for our immediate uses, and we will care- 
fully reconsider the various points with a view to fix- 
ing them permanently in the mind. 

Plants are composed of organic and inorganic 
matter. 

Of what adyantage are these differences to the fiSftker I 
Of what are plants composed f 
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Organic matter is that which bums away Iq the 
file. Inoi^nic matter is the ash left after burning. 

The organic matter of plants oonsbts of three 

^ gases, oxygen, hydrogen and nitrt^en, and one solid 

substance carbon (or charcoal). The inorganic 

matter of plants consists of potash, soda, lime, 

magnesia, sulphuric add, phosphoric add^ chlorine, 

> silica, oxide of iron^ and oxide of manganese. 

Plants obtain their oi^nic food as follows: — 
Oxygen and hydrc^en from water, nitrogen from 
some compound containing nitrogen (chiefly from 
ammonia), and carbon from the atmosphere where it 
exists as carbonic acid — a gas. 

They obtain their inorganic food from the soil. 

The water which supplies oxygen and hydrogen 
to plants is readily obtained without the assistance 
of manures. 

Ammonia is obtained from the atmosphere, by 
being absorbed by rain and carried into the soil, and it 
enters plants through their roots. It may be artifi- 
cially supplied in the form of animal manure with 
profit. 

Carbonic acid is absorbed from the atmosphere by 
leaves, and decomposed in the green parts of plants 
under the influence of day%ht ; the carbon is re- 



What is organic matter? Inorganic? 
Of what does organic matter consist I Inorganic f 
How do plants obtain their organic food f 
How th^ inorganic! 

How is ammonia supplied f Carbonic acid t 
8* 
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tained, and the oxygen is letnmed to the atmos- 
phere. 

When plants are destroyed by decay, or bnming, 
their organic constituents pass away as water, ^ 
ammonia, carbonic add, etc., ready again to be taken 
up by other plants. 

The inorganic matters in the soil can enter the 
plant only when dissolved in water. Potash^ soda, ' 
lime, and magnesiay are soluble in their pure 
forms. Magnesia is injurious when present in too 
large quantities. 

SfUphuric acid is often necessary as a manure, 
and is usually most available in the form of sulphate of 
lime or plaster. It is also valuable in its pure form 
to prevent the escape of ammonia fironl composts. 

Phosphoric add is highly important, ftom its 
frequent deficiency in worn-out soils. It is available 
only under certain conditions which wiU be described 
in the section on manures. 

8&mi is the base of common sand, and must be 
united to an alkali before it can be used by the plant, 
because it is insoluble except when so united. 

OhIoHrieiA a constiti^nt of oommcm salt (chloride 

• 

When plants are deatroyed bj combnstion or decay, what be- 
eoxnes of tneir oonstitnents ? 

How does the inorganic matter enter the plant f 

Are the alkalies soluble in their pure forms! 

Which one of them is injurious when too largely present! 

How may sulphuric acid be supplied ! 

Is phospnoric acid important ! 

How must silica be treated ! 

From what source may we obtain chlorine ! 
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<rf sodimn), and from thiB somce may be obtained in 
sufficient qnantities for mannrial pnrpoBes. 

OoDide (f iron IB iionrost. There are two oxides 
of iron, the peroxide (red) and the jprotoooufe (blade). 
The former is a fertilizer, and the latter poisona 
plants. 

Oxide of manganese, is often absent fix>m the 
ashes of onr cultivated plants. 

The food of plants, both oiganic and inoigaifiC| 
must be sappKed in certain proportions, uuL at the 
time when it is required. In the plant, this food 
ondei^oes snch chemical changes as are necessaiy to 
growth. 

The compom^idB fonned by these chemical com- 
binatkms are called proaimxiea. 

Proximates are of two classes, those not con- 
taining nitrogen, and those which do contain it. 

The first class constitute nearly the whole plant. 

The second das% although small in quantity, axe 
of the greatest importance to the fiiimer, as fiom 
them all animal muscle is made. 

Animals^ -like plants, are ciHnposed of both or- 
ganic and inorganic matter, and their bodies are 

obtained directly or indirectly fiom plants. 

» 

■■■'■*' ! ' " .11 ■ , ■ III j i ■ ■ _ II I III 

What 18 the difference between peran.de and protonde of ironff 
■ How mnst the food of plants be supplied t 
What takes place after it enters the plant t 
What name is given to the componnos thus fonnedf 
How are prozimates divided I 
Which class constitutes the l^^est part of the plant f 
Of what are atiiTnitia eomposeo^ and how do thej obtain th« 
materiids from which to form their growth ? 
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The, first class of proximates in animals comprise 
the fat^ and like tissues. 

The second class form the muscle, hair^ gelatine 
of the bones, etc. 

In order that they may be perfectly developed, 
animals must eat both classes of proximates, and in 
the proportions required by their natures. 

They require the phosphate of lime and other in- 
organic food which exist in plants. 

Seeds are the best adapted to the uses of working 
animals, because they are rich in all kinds of food re- 
quired. 

Aside from their use in the formation o£fat, 
proximates of the first class are employed in the 
lungs, as fuel to keep up animal heat, which k pio- 
duced (as in fire and decay) by the decompositioh of 
these substances. 

When the food is insufiGicient for the purposes of 
heat, the animal's own &t is decomposed, and carried 
to the lungs as fuel. 

The stems, roots, branches, etc., of most plants 
consist principally of woody Jibre. 

Their seeds, and sometimes their roots, contain 
considerable quantities of starch. 



Wbat parts of the animal belong to the first class of proximates f 
What to the second? - 

What isj&ecessary to the perfect deyelopment of animals! 
Why are seeds valuable for working animals ? 
What other important use, in animal economy, have proximatM 
of the first class f 

Under what circumstances is animal fat decomposed t 
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* 

The protein and the oQs of moet plants exist 
most Iai^7 in the Beeds, 

The location of the proximates, as well as oi the 
inorganic parts of the plant, show' a remarkahle re- 
ference to the pnrposes of growth, and to the wants 
of the animal world, as is noticed in the difference 
between the constmction of the straw and that of 
the kernel of wheat. 

The reason why the fine flour now made is not so 
healthfully nutritious as that which contained more of 
the coarse portions, is that it is robbed of a large 
proportion of protein and phosphate of lime, while 
it contains an undue amount of starch, which is avail- 
able only to form &t, and to supply fiiel to the 
lungs. 

Different plants have ashes of different composi- 
tion. Thus — one may take from the soil large quan- 
tities of ^tash, another of phosphoric acid, and 
another of lime. 

By understanding these differences, we shall be 
able 'so to regulate our rotations, that the soil 
may not be called on to supply more of one in- 
gredient than of another, and thus it may be kept 
in balance. 



Name ihe parts of the plant in wbich the different prozimates 
exist 

State -what yon know abont flonr.' 

Do we know that different plants have ashes of different com* 
position f 

How are farmers to be benefited by such knowledge! 
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' The &ct8 contained in thiB chapter are the 
ahplwibeii of agricfuUurej and the learner dionld not 
only become perfectly fainiHar with them, but cihonld 
alBo clearly mideistand the reasons why they are 
trae, before proceeding further. 
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OHAPTEB I, 

FOBHATION ANJD OHABAO^KB OF THS 

SOIL. 

In the foregoing section^ we ha,ve studied the cha- 
racter of plants and the laws which govern their 
growtk We learned that one necessary condition for 
growth is a fertile soil, and therefore we will ex- 
amine the nature of different soils, in order that we 
may understand the relations between them and 
plants. 

The soil is not to be regarded as a mysterious 
mass of dirt, whereon crops are produced -by a 
mysterious process. Well ascertained scientific 
- 

. What ifl a neoeesary oonOition of growth \ 
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kuQwledge has pioved beyond question that all soilS; 
whether in America or Asia, whether in Maine or 
California, have certain fixed properties, which render 
them fertile or barren, and the science of agriculture 
is able to point out these characteristics in all cases, so 
that we can ascertain* Ax)m a scientific inyestigation 
what would be the chances for success in cultivating 
any soil which we examine. 

The soil is a great chemical compound, and its 
chemical character is ascertained (as in the case of 
plants) by analyzing it, or taking it apart. 

We fii*st learn that fertile soils contain both or- 
ganic and inoiganic matter ; but, unlike the plant, 
they usually possess much more of the latter than of 
the former. 

In the plantg^he organic matter constitutes the 
most considerable portion of the whole. In the soil^ 
on the contrary, it usually exists in very small quan- 
tities, while the inorganic portions constitute nearly 
the whole bulk. 

^ The organic part of soils consists of the same 
materials that constitute the organic part of the 
plants, and it is in reality decayed vegetable and 
animal matter. It is not necessary that this organic 
part of the soil should form an j p^icular propo^ou 

What is a fixed character of soils ' . 
How is the chemical character of the soil to be ascertained? 
What do we first learn in analyzing a soil? • 

How do the proportions of organic or inorganic parts of soils 
oompare with those of plants I ^ 

Of what does the organic part of soils eooststt 



^ 
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of the whole^ and indeed we find it vaiying tsom one 
and a half to fifty, and Bometimes, in peaty soils, to 
over seventy per cent. All fertile soils contain some 
organic matter, although it seems to make bat little 
difference in fertility, whether it be ten or fifty per 
cent. 

The inorganic part of soils is derived from the 
crumbling of rocks. Some rocks (such as the slates 
in Central New York) decompose, and crumble ra- 
pidly on being exposed to the weather ; while 
granite, marble, and other rocks will last for a long 
time without perceptible change. The causes of this 
crumbling are various, and are not unimportant to 
the agriculturist ; as by the same processes by which 
his soil was formed, he can increase its depth, or 
otherwise improve it. This being the case, we will 
in a few words explain some of the principal pul^ 
venzing agents. 

1. The action of firost. When water lodges 
in the crevices of rocks, and freezes, it expands^ 
and bursts the rock, on the same principle as 
cSauses it to break a pitcher in winter. This 
power is very great, and by its assistance, large 
cannon may be burst. Of course the action of frost 
is the same on a small scale as when applied to laige 



Gan the reqnired proportion be definitely indicated f 

From what source is the inorganic part of soils 'derived f 

Do all soils decompose with equal fadJitj f 

How does frost affect rocks f 

Does it aSedt soils in the same way I 
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masBOB of matter, and, therefore, we find that when 
water freezes in the porea^ of rocks or stones, it se- 
parates their particlea and causes them to crumble. 
The same rule holds true with regard to stiff clay 
soils. Kthey are ridged in autumn, and left with a 
rough surface exposed to the frosts of winter, they 
wiU become much lighter, and can afterwards be 
worked with less difficulty. 

2. The action of water. ^ Many kinds of rock 
become bo soft on being soaked with water, that they 
readily crumble. 

3. The chemical changes of the constituents of. 
the rock. ' Many kinds of rock are affected by ex- 
posure to the atmosphere, in such a manner, that 
changes take place in their chemical character, and 
cause them to fall to pieces. The red kellis of JNew 
Jersey (a species of sandstone), is, when first quar- 
ried, a very hard stone, but on .exposure to the in- 
fluences of the atmosphere, it becomes so soft that 
it may be easily cru^ed between the thumb and 
finger. 

Other actions, of a less simple kind, exert an in- 
fluence on the stubbornness of rocks, and cause them 

* The apaoes between the particles. 



What Ib the effect of water on certain rooks t 

How are some rooks affected by exposure to the atmosphere! 

Give an instance of^hia 
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to be resolved into soils.* Of course, the composi* 
tioB of the soil must be similar to that of the rock 
from which it was formed ; and, consequently, if we 
know the chemical character of the rock, we can tell 
whether the soil formed from it can be brought 
under profitable cultivation. Thus feldspar, on being 
pulverized, yields potash; talcose slate yields mag- 
nesia ; marls yield lime, etc. 

The soil formed entirely from rock, contains, of 
course, no organic matter.f Still it is capable of 
bearing plants of a certain class, and when these die, 
they are deposited in the soil, and thi^s form its 
organic portions, rendering it capable of supporting 
those plants which furnish food for animals. Thou- 
sands of years must have been occupied in preparing 
the earth for habitation by man. 

As the inorganic or mineral part of the soil is 
usually the largest, Ve will consider it first. 

As we have stated that this portion tis formed 

* In very matiy inBtancee the crevices and seams of rooks are 
permeated by roots, -which, by decaying and thus inducing the 
growth of other rooj^ cause these crevices to become filled with 
organic matter. This, by the absorption of moisture, may expand 
with sufficient power to burst the rock. 

f Some rocks contain sulphur, phosphorus, etc, and these may, 
perhaps, be considered as organic matter. 

What is the similarity between the composition of soils and the 
rocks from which they were formed f 

What does feldspar rock yield? Talcdse slati f Marls ? 
Does a soil formed entirely from rock contain organic matter! 
How is it affected by the growth of- plants f 
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from rocks, we will examine thdr character, with a 
view to showing the different qualities of soils. 

As a general mle, it may be stated that aU rocks 
are either saTidstonee, limestones^ or days; or a mioO' 
ture qftv>o or more of these ingredients. Hence we 
find that all mineral soils are either sandy , calcareous^ 
(limey), or clayey ; or consist of a mixture of these, 
in which one or another usually predomioates. Thus, 
we speak of a sandy soil, a clay soil, etc. These 
distinctions (sandy, clayey, loamy, etc.) are impor- 
tant in considering the mechanical character of the 
soil, but have little reference to its fertility. 

By mechanical character, we mean those quali- 
ties which affect the ease of cultivation— -excess or 
deficiency of water, ability to withstand drought, etc. 
For instance, a heavy clay soil is difficult to plow — 
retains water after rains, and bakes quite hard during 
drought ; while alight sandy soil is plowed with ease, 
often allows water to pass through immediately after 
rains, and becomes dry and powdery during drought. 
Notwithstanding those differences in their mechani- 
cal character, both soils may be very fertile, or one 
more, so than the other, without reference to the clay 
and sand which they contain, and which, to our ob^ 
servation, form their leading characteristics. The 



What la the general rule concerning the composition of rocks ? 
Do these distmctions affect the fertility of soils formed from 
themf 

Wliat do we niean by the mechanical character of the soil f 
It it« fertility indicated by its mechanioal «hara«ter f 
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■ame &ct8 exist with regaid to a loam, a calcareous 
(or limey) sdl, or a ratable mould. Their me* 
ehaiiical texture is not essentially an index to iheii 
fertility, nor to the manures required to enable them 
to fiimifih food to plants. It is true^ that each kind 
df soil appears to have some general 'quality of fer^ 
tility or barrenness which is well known to practical 
men, yet this is not founded on the fact that the day 
or the sand, or the vegetable matter, enter more large- 
ly into the constitution of plants than they do when 
they are not present in so great quantities, but on cer- 
tain other facts which will be hereafter explained. -^ 

As the following names are used to denote the 
character of soils, in ordinary agricultural description, 
we will briefly explain their application : 

A Sandy soil is, of course, one in which sand ' 
largely predominates.. 

Olay soily one where day ferms a large propor- 
tion of the soiL 

Loamy aoUj where sand and clay are about equally 
mixed. 

Marl contains from five to twenty per cent, of 
carbonate of lime. 

Calcareoua soil more than twenty per cent. 

PeaJty soils, of course, contain large quantities of 
organic matter.* 

* These diBtmotionB are not eesentiAl to be leanied, but are often 

convenient. 

What is a sandy soil ? A clay soil ? A loamy soil f A marl f 
A eal^areons sou t Apeatysoilf 
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We will now take under considefation that part 
of the soil on which depends its ability ta supply 
food to the plant. This portion rarely constitutes 
more than five or ten per cent, of the entire soil, some- 
times less — ^and it has no reference to the sand, clay, 
and vegetable 'matters which they contain. From 
analyses of many fertile soils, and of others which are 
barren or of poorer quality, it has been ascertained 
that the presence of certain ingredients is necessary 
to fertility. This may be better explained by the as- 
sistance of the following table : — 





. SoilfertOo 


Good 
wheat adl. 




In one hundred pounds. 


without 


Btmn. 

• 


Organic matter, . 


9.7 


1,0 


4.0 


Silica (sand), . 


64.8 


74.8 


77.8 


Alumina (clayX • 


6.1 


6.6 


ai 


lime, .... 


6.9- 


1.4 


.4 


Magnesia, .... 


.9 


.7 


.1. 


Oxide of iron, . 


6.1 


4.7 


8.1 


Oxide of manganese, . 


.1 




• .1 


Potash, .... 


.2 


1.7 




Soda, . . * . 


.4 


.7 




Chlorine, . . . . . 


.2 


.1 




Sulphuric acid, . 


.2 


.1 




Phosphoric acid, 


.4 


.li 




Carbonic acid. 


4.0 






Loss during the analysis . 


1.4 


3.6^ 


.4 




100.0 


100.0 


100.0 



How large a part of the soil may be used as food by plants f 
What do we learn from the analyses of barren and ferale^soils t 
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The Boil represented in the first eolamn might 
still be ftrtile with less organic matter, or with a 
lai^r proportion of clay (alumina), and less sand 
(silica). These affect its mecharUcal character ; *but, 
if we look down the column, we notice that there are 
small quantities of lime, magnesia, and the other con- 
stituents of the ashes of plants (except ox. of 
manganese). It is not necessary that they should be 
present in the soil in the exact quantity named above, 
but net one must he entirely absent , or greatly re- 
duced in proportion. By referring to the third 
column, we see that these ingredients are not all 
present, and the soil is barren. Even if it were 
supplied with all but one or two, potash and soda 
for instance, it could not support a crop without the 
assistance of manures containing these alkalies. The 
reason for this must be readily seen, as we have learned 
that no plant can arrive at maturity witliout the 
necessary supply of materials required in the forma- 
tion of the ash* and these materials can be obtained 
only from • the soil ; consequently, when they do not 
exist there, it must be barren. « 

.The inorganic part of soils has two distinct 
offices to per&rm. The' clay and sand form a 

What can you saj of the soils represented in the table of ana- 
lyses t 

Wliat proportion of the fertilizing ingredients is required f 

If the* soil represented in the^ third column contained all the in* 
gredients required except potash and soda, would it be futile f 
. What would be necessary to make it so f 

What is the reason for tnis ? 

What are the offioes performed by the inoi^nlo part of soils! 

4 
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mass of material into which roots can penetrate, and 
thus plants are supported in their positioii. These 
parts also absorb heat, air and moisture to serve the 
purposes of growth, as we shall see in a future 
chapter. The minute portions of soil, which com- 
prise the acids, alkalies, and neutrals, furnish plants 
with their ashes, and are the most necessary to 
the fertility of the soiL 

GEOLOGY. 

The relation between the inoiganic part of soils 
and the rocks from which it was formed, is the 
the foundation of Agricultural Otology. Gkology 
may be briefly named the science of rocks. It would 
not be proper ina,n elementary work to introduce much 
of this study, and we will therefore simply state that 
the same kind of rock is of the^same composition all 
over the world ; consequently, if we find a soil in 
New England formed from any particular rock, and a 
soil from the same rockin Asia, their natural fertility 
will Jbe the same in both localities. Some rocks 
consist of a mixture of different kinds of minerals ; 
and some, consisting chiefly of one ingredient, are of 
dififerent degrees oi hardness: Both of these changes 
must aflect the character of the soil, but it may be 
laid down as rule that, when the rocks of two hear 

Whftt is geology f 

Li the same kind of rock always of the same oompoeitioii f 

How dd rocks di£fer f 



TH8 SOIL. 76 

iJoM are exacUy aUkej the boOs formed from ikem 
fffUl he (/the mme natural fertility^ and inpropor-- 
^iion as the aiiaradter of rocks changeSy in the same 
proportion wM the soils differ. 

In most districts the soil is fonaed from the rock 
on which it lies ; but this is not always the case. 
Soils are often formed by deposits of matter brought 
by water firom other localities. Thus the alluvial 
banks of rivers consist of matters brought from the 
countiy through which the rivers have passed. The 
river Nile, in Egypt, yearly overflows its banks, 
and deposits laige quantities of mud brought from 
the uninhabited upper countries. The prairies of the 
West owe a portion of their soil to deposits by 
water. Swamps often receive the washings of ad- 
jacent hills ; and, in' these cases, their soil is derived 
from a foreiga source. 

We might continue to enumerate instances of the 
felations between soils and the sources whence they 
originated, thus demonstrating more frilly the impor- 
tance of geology to the farmer ; but it would be 
beyond the scope of this work, and should be in- 
vestigated by scholars more advanced than those 
who are studying merely the eUmsvta of agricultural 
science. 

The mind, in its early application to any branch 

• 

Wliat role may be siyeu in relation to soiU formed from the 
rnrnd or different rocks 1 

Are all soils formed from the rocks on whicH they lie f 
What initonoei can yon give of thist 
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of study^ shonld not be chazged with intricate 
sabjects. It should master well the rvdime/ids^ 
before inyestigating those matters which should 
follow such understanding. 

By pursuing the proper course, it is easy to learn 
all that is necessary to form a good foundation for a 
thorough acquaintance with the subject. If this 
foundation is laid thoroughly, the learner will regard 
plants and soils as old acquaintances, with whose 
formation and properties he is as &miliar as with 
the construction of a building or simple machine. A 
'simple spear of grass wiU become an object of 
interest, forming itself into a perfect plant, with full 
development of roots, stem, leaves, and seeds, by 
processes with which he feels acquainted. The soil 
will cease to be mere dirt ; it will be viewed as a 
compound substance, whose composition is a matter 
of interest, and whose care is productive of intel- 
lectual pleasure. The commencement of study in any 
science must necessarily be wearisome to the young 
mind, but its more advanced stages amply repay the 

trouble of early exertions. 

« I . . ' ' ' ^^— III III ■ — ^^^^»^-^— . Ill I ■ 

In what light wiU plants and soils be regarded by those who' 
understand themf 
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OHAPTBE n. 

USBS OF OBOAHIO MATTSB. 

It will be .recollected that, in addition to its mineral 
portions, the soil contains organic matter in varied 
quantities. It may be fertile with but one and a half 
per cent, of organic matter, and some peaty soils con- 
tain more than fifty per cent, or more than one half 
of the whole. 

The precise amount necessary cannot be fixed 

hundred would be as good a quantity as could be 
recommended. 

The soil obtains its oi^anic matter in two ways. 
First, by the decay of roots and dead plants, also of 
leaves, which have been brought to it by wind, etc. 
Second, by the application of organic manures. 

When a crop of clover is raised, it obtains its 
carbon firom the atmosphere ; and, if it be plowed 
under, and allowed to decay, a portion of this carbon 
is deposited in the soil Carbon constitutes nearly 
the whole of the dry weight of the clover, aside from 
the constituents of water ; and, when we calculate 
the imm^ense quantity of hay, and roots grown on 
> — .... ■ I ■ ■■■ II ■ I 

What proportion of orgimio matter is required for fertility t 

How aoeB the soil obtain its organic matter t 

How does the growth of elover, ete., afifeet tho soil t 
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an acre of soil in a single season^ we shaU find that 
the amount of carbon thus deposited is immense. 
If the clover had been removed, and the roots only 
left to decay, the amount of carbon deposited would 
still have been very great. The same is true in all 
cases where the crop is removed, and the roots re- 
main to form the organic or vegetable part of the 
soil. While undei^oing decomposition, a portion of 
this matter escapes in the form of gas, and the re- 
mainder chiefly assumes the form of carbon (or 
charcoal), in which form it will always remain^ 
without loss, unless driven out by fire. If a bushel 
of charcoal be mixed with the soil now, it will be the 
same bushel of charcoal, neither more nor less, a 
thousand years hence, unless some influence is brought 
to bear on it aside fix)m the growth of plants. It is 
true that, in the case of the decomposition of or- 
ganic matter in the soil, certain compounds are 
formed, known under the general names of humus 
and humic acid^ which may, in a slight degree, affect 
the growth of plants, but their practical importance 
is of too doubtful a character to justify us in con- 
sidering them. The application of manures, con- 
taining organic matter, such as p^t, muck, animal 
manure, etc., supplies the soil with carbon on the 
same principle, and the decomposing matters also 



When organic matter decays in the soil, what beoomee of itt 

Is charcoal taken up by |>]!antsf 

Are hnmiDB and humic acid of great practical importance! 
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generate ^ oarbonic acid gas whfle being decomposed. 
The* agricultural value of carbon in the soil depends 
(as we have stated), not on the fact that it enters into 
the composition of plants, but on certain other 
important offices which it performs, as: follows : — 

1. It makes the soil more retentive of manures. 

2. It causes it to appropriate larger quantities of 
the fertilizing gases c^ the atmosphere. 

3. It gives it greater power to absorb moisture. 

4. It renders it warmer. 

1. Carbon (or charcoal) makes the soil retentive 
of manures, because it has in itself a strong power to 
absorb, and retain f fertilizing matters. There is a 
simple experiment by which this power can be 
shown. 

Ex. — ^Take two barrels of pure beach sand, 
and mix with the sand in one barrel a few handfuls 
of charcoal dust, leaving that in the other pure. 
Pour the brown liquor of the barn-yard through the 
pure sand, and it will pass out at the bottom un- 
altered. Pour the same liquor through the barrel, 
containing the charcoal, and pure water will be ob- 
tained as a result. The reason for this is that the 

* Produce. 

f By absorbing and retaimng, we mean taldng up and holding. 



On what does the agrionltural valne of the carbon in the soil 
depend? 

Why does it make the soil more retentive of manure t 
What is the experiment with the barrels of sandt 
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charcoal retains all of the imptirities of the liquor^ 
and allows only the water to pass throngh. Char^ 
coal is often employed to purify water for drinking, 
or for manufacturing purposes. 

A rich garden-soil contains large quantities of 
carbonaceous matter ; and, if we bury in such a soil 
a piece of tainted meat or a fishy duck, it will, in a 
short time, be deprived of its odor, because the 
charcoal in the soil will entirely absorb it. 

Carbon absorbs gases as well as the impurities of 
water ; and, if a little charcoal be sprinkled over 
manure, or any other substance, emitting ofifensive 
odors, the gases escaping will be taken up by the 
charcoal, and the odor wiU cease. 

It has also the power of absorbing mineral 
matters, which are contained in water. If a quan- 
tity of salt water be filtered through charcoal, the 
salt will be retained, and the water will pass through 
pure. 

We ai:e now able to see how carbon renders the 
soil retentive of manures. 

1st. Manures, which resemble the brown liquor 
of bam-yarfls, have their fertilisdng matters takes 
out, and retained by it. 



Will charcoal purify water f 

If a piece of tainted meat^ or a fishy duck be buried in a rich 
garden soil, what takes place f 

' What is the reason of this ? 

How does charcoal overcome offensive odors ? 

How can 70a prove that charcoal absorbs the mineral impuri* 
ties of water? 
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2d. The gases arising £roin the decomposition 
{rotting) of manure are absorbed by it. 

3d. The soluble mineral portions of manure, 
which might in some soils leach down with water, 
are arrested and retained at a point at which they 
can be made use of by the roots of plants. 

2. Charcoal in the soil causes it to appropriate 
larger quantities of the fertilizing gases of the atmos- 
phere, on account of its power, as just named, to ab- 
sorbugases. 

The atmosphere contains rei^ults, which have been 
produced by the breatlung of animals and by the de- 
composition of various.Mnds of organic matter, which 
are exposed to atmospheric influences. These gases 
are chiefly ammonia and carbonic acid, both of which 
are largely absorbed by water, and consequently axe 
contained in rain, * snow, et«., which, as they enter 
the soil, give up these gases to- the charcoal, and 
they there remain until required by plants. Even 
the air itself, in circulating through the soil, gives up 
fertilizing gases to the carbon, which it may contain. 

3. Charcoal gives 4o the soU power to absorb 
moisture, because it is itself one of the best ab- 



How does charooal in the soil affeet the mannTes applied f 
Why does charcoal in the soil oauBe it to appropriate the gases 
of the atmosphere I 

What fertilizing gases exist in the atmosphere? 

How are they carried to the soil I 

Does the carbon retain them after they reach the soil f 

What can you say of the air circulating through the soil! 

How does carbon give the soil power to abson) moisture f 
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sorbents in nature ; and it has been proved by ac- 
curate experiment that peaty soils absorb moisture 
with greater rapidity, and part with it more slowly 
than any other kind. 

4. Carbon in the soil renders it warmer, because 
it darkens its color. Black surfaces absorb more 
heat than light ones, and a black coat, when worn 
in the sun, is warmer than one of a lighter color. 
By mixing carbon with the soil, we darken its color, 
and render it capable of absorbing a greater amount 
of heat from the sim's rays. 

It will be recollected that, when vegetable matter 
decomposes in the soil, it produces certain gases 
(carbonic acid, etc.), which either escape into the 
atmosphere, or are retained in the soil for the use of 
plants. The production of these gases is always ac- 
companied by heaty which, though scarcely percep- 
tible to our senses, is perfectly so to the growing 
plant, and is of much practical importance. This 
will be examined more fully in speaMng of manures. 

Another important part of the organic matter in 
the soil is that which contains nitrogen. This forms 
but a very small portion of the soil, but it is of the 
greatest importance to vegetables. As the nitrogen 
in food is of absolute necessity to the growth of 



How does it render it warmer f 

Is tbe heat produced by the decomposition of organic matter 
perceptible to onr senses! 

Is it so to the growing plant f 

What is another important part of the organic matjber in tho 
soil? 
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animals, so the nitrogen in the soil is indispensable 
to the growth of cultivated plants. It is obtained 
by the soil in the form of ammonia {or nitric acid), 
from the atmosphere, or by the application of animal 
matter. In some cases, manures called nitrcUes^ 
are used ; and, in this manner, nitrogen b given to 
the soil. 

We have now learned that the organic matter in 
the soil performs the following offices : — 

Organic matter thoroughly decomposed is carbon^ 
and has the various effects ascribed to this sub- 
stance on^. 79. 

Organic matter in process of decay produces car- 
bonic acid, and sometimes ammonia in the soil ; also 
its decay causes heat. 

Organic matters containing nUrogeriy such as 
animal substances, etc., furnish ammonia, and other 
nitrogenous substances to the roots of plants. 

* Nitrates are compounds of nitric acid (which oonsista of ni> 
trogen and oxygen), and alkaline sabstances. Thus nitrate of 
potash (saltpetre), is composed of nitric acid and potash: nitrst« 
>f soda (cubical nitre), of nitric acid and soda. 

How is it obtained by the soilf 

What offices does the orgaqio matter in the soil perform I 
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CHAPTER m. 

tJSES OF INOBGANIC MATTER. 

The oflGices performed by the inorganic constituents 
of the soil are many and inq)ortant. 

These, as well as the difierent conditions in which 
the bodies exist, are necessary to be thoroughly 
studied. 

Those parts which constitute the larger propor- 
tion of the soil, namely the clay, sand, and limey 
portions, are useful for purposes which have been 
named in the first part of this section, while the day 
has an additional effect in the absorption of ammonia. 

For this purpose, it is as effectual as charcoal, 
the gases escaping from manures, as well as those 
existing in the atmosphere, and in rain-water, being 
arrested by clay las well as charcoal.* 

The more minute ingredients of the soil — ^those 
which enter into the construction of plants— exist in 
conditions which are more or less favorable or in- 

* It is due to our coimtry, as well as to Pro£ Mapes and others, 
who long ago explained this absorptive power of clay -and carbon, 
to say that the subject was perfectly understood and practically 
applied in America a number of years before Prol Way published 
the discovery in England as original 



Wliat effect has clay besides the one already named t 
How does it compare with charcoal for4his purpose f 
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jnrions to vegetable growth. The principal condi' 
tion necessary to fertility is capacUy to be dissolved^ 
it being (so &r as we have been able to ascertain) a 
fixed rule^ as was stated in the first section, that 
no mineral substance can enter into the roots <f a 
plant cxcqpt it be dissolved in water. 

The alkalies potash;, soda, lime, and magneria, 
are in nearly all of their combinations in the sbil 
sufficiently soluble for the purposes of growth. 

The axAds are, as will be recollected, sulphuric 
and phosphoric. These exist in the soil in combi« 
nation with the alkalies, as sulphates and phosphates, 
which are more or less soluble under natural circum- 
stances. Phosphoric acid in combination with lime 
as phosphate of lime is but shghtly soluble ; but, 
when it exists in the compoimd known as super- 
phosphate of lime, it is much more soluble, and con- 
sequently enters into the composition of plants with 
much greater facility. This matter will be more 
fiilly explained in the section on manures. 

The net^roJff,* silica, chlorine, oxide of iron, and 
oxide of manganese, deserve a careful examination. 
Silica exists in the soil usually in the form of sand^ 
in which it is, as is well known, perfectly insoluble ; 
and, before it can be used by plants, which often re- 

What particular condition of inorganic matter is recuiBitc for 
fertility? 

What is the fixed rule with regard to this ? 

What is the condition of the alkalies in most of their combina 
tions? Of the acids? 

What is said of phosphite of lime I' 
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qmre it in laige quantities, it mnst be made soluble^ 
which is done by combining it with an alkali 

For instance, if the silica in the soil is insoluble, 
we must make an application of an alkali, such as 
potash, which will unite with the silica, and form 
the silicate of potash, which is in the exact condition 
to be dissolved and carried into the roots of plants.- 

Ohlorine in the soil is probably always in an 
available condition. 

Oxide of iron exists, as has been previously 
stated, usually in the form of the^roxide (or red 
oxide). Sometimes, however, it exists in the foria 
of the protoxide (or black oxide), which is poisonous 
to plants, and renders the soil unfertile. By loosen- 
ing the soil in such a manner as Ijoadmit air and water, 
this compound takes up more oxygen, which renders 
it a peroxxdQy and makes it available for plants. The 
oxide of manganese is probably of little consequence. * 

The usefulness of all of these matters in the soil 
depends on their eapoaure ; if they are in the interior 
of particles, they .cannot be made -use of; while, if 
the particles are so pulverized that their constituents 
are exposed, they become available, because water 
can immediately attack to dissolve, and carry them 
into roots. 

How maj Bilioa be rendered soluble ? 
Wliat is the conditioii of chlorine in the Boilf 
Do peroxide and protoxide of iron affect plants in the same way I 
How would you treat a soil containing protoxide of iron! i 
On what does the usefolness of all these matters in the soil 
depend ) « 
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This is one of the great oflBioes of plowmg-and 
hoeing ; the lumps of soil being theieby more broken 
up and exposed to the action of atmospheric in«- 
fluencesy which are oflen necessary to produce a fer- 
tile condition of soil, while the trituration of particles 
reduces them in size. 

SUBSOIL. 

The subsoil is usually of a diflferent character from 
the surface soil, but |;his difference is more often the 
result of circumstances than of formation. The 
surface soil from hayuig been long cultivated has 
been more opened to the influences of the air than is 
the case with the subsoil, which has never been dis- 
turbed so as to allow the same action. Again the 
growth of plants has supplied the surface soil with 
roots, which by decaying have given it oiganic mat- 
ter, thus darkening its color, .rendering it warmer, 
and giving greater ability to absorb heat and 
moisture, and to retain manures. All of these effects 
render the surface soil of a more fertile character 
than it was before vegetable growth commenced ; 
and, where frequent cultivation and manures have 
been applied, a still greater benefit has resulted. In 
most instances the subsoil may by the same . means 



Wliat is one of the chief offices of plowing and hoeing t 
Is the subsoil iisaally different from the s^ace soil t 
What eircumstanees hsTe oooasioned the difference t 
In what way ? 
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be gradually impioyed in condition nntil it equali 
the surface soil in fertility. The means of producing 
this result, also farther accounts of its advantages, 
will be given under the head of OuUivaiion (Sect. I Y.) 



QfPBOYEMENT. 

From what has now been said of the character of 
the soil, it must be evident that, as we know the 
causes of fertility and barrenness, we may by the pro- 
per means improve the character of aU soils which 
are not now in the highest state of fertility. 

Chemical analysis will tell us the composition 
of a soil, and an examination, such as any farmer 
may make, will inform us of its deficiencies in mechar 
nical character, and we may at once resort to the 
proper means to secure fertility. In sorde instances 
the soil may contain every thing that is required, 
but not in the necessary condition. For instance, in 
some* parts of Massachusetts, there are nearly "barren 
BoUs which show by analysis precisely the same 
chemical composition as the soil of the Miami valley 
of Ohio, one of the most fertile in the world. The 
cause of this great difference in their agricultural 
capabilities, is that the Miami soil has its particles 

May the subsoil be made to resemble the surface soil? 
Maj all soils be brought to the highest state of fertility ? 
On what examination must improrement be baaed? 
What 18 the difference between the soil of some pmfs of 
UMsaehuaetta and that of the Miami vaUeyt 
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finely pnlveiuBed ; while in the HaasachiiBetts soil the 
ingr^ents are combined within particles (such as 
pebbles, etc.), where they are out of the reach of roots. 

In other cases, we find two soils, which are equal- 
ly well pnlveiized, and which appear to be of the 
same character, having very different power to sup- 
port crops. Chemical analysis will show in these 
instances a difference of composition. 

AU of these differences may be overcome by the 
nse of the proper means. Sometimes it could be 
done at an e;cpeiise which would be justified by the 
result ; and, at others^ it might require too large an 
outlay to be profitable. It becomes* a question of 
economy, not of ability, and science is able to estimate 
the cost. 

Soil cannot be cultivated understandingly until 
it has b^en subjected to such an examination aa 

fertile. Even after fertility is perfectly restored 
it requires thought and care to maintain it. The 
ingredients of the soil must be returned in the form 
of manures as largely as they are removed by the 
crop, or the supply will eventually become too small 
for the purposes of vegetation. 



Why do Boile of the same degree of fineness sometimes differ 
in fertility? 

Can soils always be rendered fertile with profit f 

Can we determine the cost before commenoinff the work? 

What must be done before a soil oan be ctutiyated under- 
•taadinglyf 

What mnst be done to keep up the quality of the soil I 
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CHAl^TER I. 

OHABAOTEB AKD VABIBTISS OF HA- 

KTJBES. 

To understand the science of manures is the most 
important branch of practical farming. No Jbaker 
wonld be called a good practical baker who kept his 
flour exposed to the sun and rain. No shoemaker 
would be called a good practical shoemaker^ who used 
morocco for the soles of his shoes^ and heavy leather 
for the uppers. No carpenter would be called a good 
practical carpenter, who tried to build a house without 
nails, or other fastenings. So with the farmer. He 
cannot be called a good practical farmer if he keeps 
the materials, &om which he is to make plants, in 
such a condition, that they will have their value 
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I 

destroyed; tiBes them m the wrong places^ or tries to 
put them together without having every thing pre- 
sent that is necessary. Before lie can avoid failures 
with certainty J he must know what manures are com- 
posed of, how they are to be preserved, where they are 
needed, and what kinds are required. True, he may 
from observation and experience, gtiess at results, f)ut 
he cannot know that he is right until he has learned 
the facts above named. In this section of our work, 
we mean to convey some of the information necessary 
to this branch of practiced farming. 

We shall adopt a classification of the subject 
somewhat different from that found in most vrorkB 
on manures, but the fads are the same. The ac- 
tion of manures is either mechanical or chemicai, 
or a combination of both. For instance : some 
kinds of manure improve the mechanical character 
of the soil, such as those which loosen stiff clay soils, 
or others which render light sandy soils compact — 
these are called mechanical manures. Some again 
furnish food for plants — ^these are called chemical 
manures. 

Many mechanical manures produce their effects 
by means of chemical action. Thus potash combines 
chemically with sand in the soil. In so doing, it 

VlThat mnst a &]*mer know in order to ayoid fiulnresf 

Can this be learned entirely from observation f 

What kind of action have inannresf 

Give examples of eaoh of thesei 

May meohanieal effects be produced by chemical action! 

How do«f potash affeot the soil! 
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Tonghenfl the sni&ees of the pattideB of sand, and 
renders the soil less liahle to be compacted hj rains. 
In this manner, it acts as a mechanioql manure. 
The compound of sand and potash,^ as well as the 
potash alone, may enter into the composition of 
plants, and hence it is a chemical manure. In other 
words, potash belongs to both classes described. 

It is important that this distinction should be 
well understood bythe learner, as the words " mechani- 
cal'' and '.' chemical " in connection with manures will 
be made use of throughout the following pages. 

There is another dass of manures which we shall 
call absarbenis. These comprise those substances 
which haye the power of tiJdng up fertilizdng matters, 
and retaining them for the use of plants. For 
instance, charcoal is an absorbent. As was stated 
in the section on soils, this substance is a retainer 
of all fertniziog gases and many minerals. Other 
matters made use of in agriculture have the same 
effect. These absorbents will be spoken of more 
fully in their proper places. 

TABLE. 

Mechanioal Manubbs are those which improve the 

mechanical condition of soils. 

Ohxmioal I ^' are those which serve as food 

for plants. 

* BHioate of potasE 

What are abtorbe^tB? 

What kind of mannrs it ohaiooal t 
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Absobbbnts are those substances which absorb and 

retain fertilizing matters. 

Manures may be divided into three classes^ viz. : 
organic^ inorganic, and aimospheric. 

Obganio manures comprise all animcd and vege» 
table matters which are used to fertilize the soil, 
such as dung, muck, etc. 

Inokgakio manures are those .which are of a 
purely mineral character, such as lime, ashes, etc. 

Atmospheric manures consist of tho^ organic 
manures which are in the form of gases in the atmos- 
phere, and which are absorbed by rains and carried 
to the soil. These are of immense importance. The 
ammonia and carbonic acid in the air are atmos- 
pheric manures. 



-•-•-^ 



CHAPTER n. 

BXOBEMENTS OF ANIMALS. 

The first organic manure which we shall examine, is 
animal excrement. 

This is composed of those matters which havo 
been eaten by the animal as food, and have been 
thrown off as solid or liquid manure. In torder that 

Into what olasses may manureB be divided t 
What are organic mannrest 
Inorganiot Atmoepheriet 
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we may know of what thejr conBicrt^ we most refer to 
the composition of food and examine the process of 
d^esfion. 

' The food of animals, we have seen to consist of 
both organic and inorganic matter. The organic 
part may be divided into two classes, i. e.y that poiv 
tion which contains nitrogen — such as gluten, albu- 
men, etc., and ttiat which does not contain nitrogen 
— such as starch, sugar, oil, etc. 

The inonsnic part of foodmay also be divided into 
soluNe matter and inaoltMe matter. 

PIGBSTION AND ITS PBODUOTS. 

Let us now suppose that we have a fiill-grown ox, 
which is not increasing in any of his parts, but only 
consumes food to keep up his respiration, and to sup- 
ply the natural wastes of his body. To this px we 
will feed a ton of hay which contains organic matter, 
with and without nitrogen, and soluble and insoluble 
inorganic substances. Now let us try to follow it 
through its changes in the animal, and observe its 
destination. Liebig compares the consumption of . 
food by animals to the imperfect burning of wood in 
a stove, where a portion of the fuel is resolved into 
gases and ashes (that is, it is completely burned), and 

Of what is animal excrement composed f 
Ezplain tiie composition of the food of animals. 
What does hay contain? 

To what does iiebig compare thd oonanmption of food by ani- 
mali^ and why I 
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another portion, which is not thoroughly bomed, 
passes off as soot. In the animal action in question, 
the food tindei^oes changes which are similar to this 
burning of wood. A part of the food is digested and 
taken up by the blood, while another portion remains 
undigested, and passes the bowels as solid dung-^— 
corresponding to soot. This part of the dung then, 
we see is merely so much of the food as passes through 
. the system without being materiajly changed. Its 
nature is easily understood. It contains organic and 
inorganic matter in nearly the same condition as they 
existed in the hay. They have been, rendered finer 
and softer, but their chemical character is not ma^ 
teiially altered. The dung also contains small 
quantities of nitrogenous matter, which leaked outj 
as it were, from the stomach and intestines. The 
digested food, however, undergoes Airther changes 
which affect its character, and it escapes from the 
body in three ways — i. e., through the lungs, through 
the bladder, and through the bowels. It will be re- 
collected firom the first section of this book, p.^22^ 
that the carbon in the blood of animals, unites with 
the oxygen of the air drawn into the lungs, and is 
thrown off in the breath as carbonic acid. The hy- 
drogen and oxygen unite to form a part of the water 
which constitutes the moisture of the breath. 



Of what does that part of dung oonaist which resembles soott 
What else does the dting contunf 

la what manner does the digested part of food escape from the 
bodjt 



HANUBSa 99 

That portion of the organic part of the hay which 
has been taken up bythe blood of the ox, and which 
does not contain nitn^n (corresponding to the^ra^ 
class of prozimates, as desciibed in Sect. I), is emitted 
through the lungs. It consists, as will be recollect- 
ed, of carbon, hydrogen a^d oxygen, and these as- 
some, in respiration, the form of carbonic acid and 
water. 

The organic matter of the digested hay, in the 
blood, which contains nitrogen (corresponding to the 
second class of proximates, described in Sect. I), goes 
to the Uaddery 'where it assumes the form of urea — 
a constituent of urine or Uquid manure. 

We have now disposed of the imperfectly di- 
gested food (dung), and of the organic matter which 
was taken up by the blood. AU that remains- to be 
examined is the inorganic or mineral matter in the 
blood, which would have become asheSy if the hay 
had been burned. The solvhle part of this inorganic 
matter passes into the bladder, and forms the inor- 
ganic part of urine. The inaolMe part passes the 
bowels, in connection with the dung. 

K any of the food taken up by the blood is not 
returned as above stated^ it goes to form &t, muscle, 
hair, bones, or some other part of the animal, and ^ 

Explain the escape of carbon, hydrogen and oxygen. 
** What becomes or the nitrogenous parts f 

"Qjow is the soluble ash of the digested food parted ^nth t 

The insoluble t 

If any portions of the food are not retaraed in the dung, how 
are they disposed off 
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he is not gto-wmg (not incr^using in wdght) an 
equivalent amonnt of the body of the animal goes to 
the manure to take the place of the part retained.^ 
We now have our subject in a form to be readily 
understood. We learn that when food is given to 
animals it is notpt^^ outof existence^ but is merely 
changed inform ; and that in the impurities of the 
breath, we have a lai^e portion of those parts 
of the food which plants obtain £rom air and from 
water; while the solid and liquid excrements contain 
all that was taken by the plants from the soil and 
manures. ^ 

The Solid Dung contains the undigested parts of the 

food, the inaolvible parts of 
the ash, and the nitrogenous 
matters which have escaip- 
ed from the digestive or- 
gans. 
*' Liquid Manttrb " the nitrogenous or second 

dassL of proximates of the 
digested food, and the aoht- 
hie parts of the ash. 

* This account of digestion is not, perhaps, strictly accurate in 
a physiological point of view, but it is sufficiently so to give an 
elementary understanding of the character of excrements as 
manures. 



How is their place supplied I 

Is food put out of existence when it is fed to animals ? 
What £>ei the solid dung oo&tainf liquid manure! Tha 
breath! 
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The Bbbath contaans the fir^ cUua of piozimates, 

those which contain carbon, 
hydrogen and oxygen, but no , 
nitrogen.^ 
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The loss of mannre is a subjecfc which demands most 
serious attention. Until within a few years, little 
was known about the true character of manures, and 
consequently, of the importance of protecting them 
against loss. 

The first causes of waste are evaporaHon and 
leaching. 

BVAPOBATION. 

Evaporation is the changing of a solid or liquid 
body to a vapory form. Thus^common smelling salts, 
a solid, if left exposed, passes into the atmosphere in 

* The excrements of animals contain more or leas of sulphur, 
and sometimes small quantities of phosphorus. 

What are the first causes of loss of manure f 
What iB evaporoHom f 
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the fbim of a gas or vapor. Water, a Ii(|md, era» 
porates, and becomes a vapor in the atmosphere. 
This is the case with very many substances, in or- 
ganic nature, both solid and liquid: they are liable 
to assume a gaseous form, and become mixed with 
the atmosphere. They are not destroyed, but are 
merely changed in form. 

As an instance of this action, suppose an animal 
to die and to decay on the surfitce of the earth. 
After a time, the flesh will entirely disappear, but is 
not lost. It no longer exists as the flesh of an ani-* 
mal,-but its carbon, hydrogen, oxygen, and nitrogen, 
still exist in the air. They have^been liberated irom 
the attractions which held them together, and have 
passed away ; but (as we already know from what 
has been said in a former section) they are ready to 
be again taken up by plants, and pressed into the ser- 
vice of life. 

The evaporation of liquids may take place without 
the aid of any thing but heat ; but, in the case of 
soKds, . it is often assisted by decay and combustion, 
which break up the bonds that hold the constituents 
of bodies together, and thus enable them to return 
t<3 the atmosphere, from which they were originally 
derived. 

It must be recollected that every thing, which has 

• 

Name a solid body which evaporates. 

What takes place when a dead animal is exposed to the atmos- 
phere for a sufficient time 9 

What often assist the evaporation of solids t 
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aa odat (or can be smelled), is evaporating. The 
odor is caufied by parts of the body floating in the 
air, and acting on the nerves of the nose. This is 
an invariable rule ; and^ when we perceive an odor, 
we may be sure that parts of the material, from which 
it emanates, are escaping. If we perceive the odor 
of an apple, it is because parts of the volatile oila of 
the apple enter the nose. The same is true when we 
fonell hartshorn, cologne, etc. . 

Manures made by animals have an offensive odor, 
simply because volatile parts of the manure escape 
into the air, fmd are therefore made perceptible. All 
organic parts in timi become volatUe, assuming a 
gaseous form bb they decompose. 

We do not see the gases rising, but there are 
many ways by which we can detect* them. If we 
wave a feather over a manure heap, from which 
ammonia is escaping, the feather having been recent- 
ly dipped in mnr. acid, white fumes will appear around 
the feather, being the muriate of ammonia formed by 
the union of the escaping gas with the muriatic acid. 
Not only ammonia, but also carbonic acid, and other 
gases which are useful to Vegetation escape, and are 
given to the winds. Indeed it may be stated in few 
words that all of the organic part of plants (all thai 
was obtained from the air, water, and ammonia), 

What is the cause of odor f 
When we perceive an odor, what is taking place? 
Why do manures give off offensive odors? 
. How may we detect ammonia escaping from manure f 
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constituting more than nine tenths of their dry 
weight, may be evaporated by the assistance of decay 
or combustion. The organic -part of manures mBj 
be lost in the same manner ; and, if the process of , 
decomposition be continued long enough, nothing 
but a mass of mineral matter will remain, except 
perhaps a small quantity of carbon which has not 
been resolved into carbonic acid. 

The proportion of solid manure lost 'by evapora- 
tion (made by the assistance of decay), is a very 
large part of the whole. Manure cannot be kept a 
single day in its natural state without losing some- 
thing. It commences to give out. an offensive odor 
immediately, and tHs odor is occasioned, a« was 
before stated, Jjy the loss of some of its fertilizmg 
parts. 

Animal manure contains, as will be ^een by re- 
ference to p. 100, all of the substances contained 
in plants, though not always in the correct re- 
lative proportions to each other. When decom- 
position commences, the carbon unites with the 
oxygen of the air, and passes off as carbonic acid ; 
the hydrogen and oxygen combine to form water 
(which evaporates), and the nitrogen' is mostly re- 
solved into ammonia^ which escapes into the atmos- 
phere. 

What remains after manure has been long exposed to decom- 
position ? 

What gaseous compounds are formed by the decomposition of 
manures! 
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If maauieifl thiown into heaps, it often ferments 
so rapidly as to produce sufficient heat to set 
fire to some parts of the manure, and cause it to be 
thrown o£f with greater rigidity. This may be ob- 
served in nearly all heaps of animal excrement. When 
they haye lain for some time in mild weather, gray 
streaks of ashes are often to be seen in the centre of 
the pile. The organic part of the manure haying 
been dtfrned away, nothing but the ash remains, — 
this is called fire-fanging. 

Manures kept in cellars without being mixed 
with refuse matter are subject to the same losses. 

When kept in the yard, they are still liable to be 
lost by eyaporation. They are here often saturated 
with water, and this water In its evaporation carries 
away the ammonia, and carbonic acid which it has 
obtained from the rotting mass. The evaporation of 
the water is rapidly carried on, on account of the 
great extent of eiurface. The indole mass is spongy, 
and soaks the liquids up from below (through hollow 
straws, etc.), to be evaporated at the surface on 
the same principle as causes the wick of a lamp 
to draw up the oil to sup{dy fuel for the flame. 

Liquid Manube containing large quantities of 
nitrogen, and forming much ammonia, is also liable 
to lose all of its organic part from evaporation (and 



Describe fire-faii|^ng. 

What takes place when animal manure is exposed in an open 
barn-yard f 

What does liquid manure lose by eraporation f 

6* 
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fermeutation), so that it is rendered us much less 
valuable as is the solid duBg.^ 

From these remarkSjit maybe jttstlyin&rred that a 
very large portion of the value of solid and liquid 
manure as ordinarily kept is lost by evaporation in a 
sufficient length of time, depending on circumstances, 
whether it be three months or several years. The 
wasting commences as soon as the manure is dropped, 
and continues, except in very cold weather, until 
the destruction is complete. Hence we see that true 
economy requires that the manures of the stable, 
stye, and poultry-house, should be protected from 
evaporation (as will be hereafter described), as soon 
as possible after they are made. 

LEACHING. 

The sabject of leaching is as important in con- 
sidering the inorganic parts of manures as evapora- 
tion is to the organic, while leaching also affects the 
organic gases, they being absorbed by water in a great 
degree. 

A good illustration of leaching is found in the 
manufacture of potash. When water is poured 

* It should be recollected that every bent straw may act as a 
syphon, and occasion much loss of liquid manure. 



When does the waste of exposed manure commence I 
What does economy of manure require f 
What is the effect of leaching? 
Qiye an illustration of leaching. 
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over wood-adies, it diflsolres their potaah which it oaiv 
ries through in solution, Tnaking ley. K ley is hoiled 
to dryness, it leaves the potash in a solid form, proving 
that this substance had been dissolved by the water 
and removed fiom the insoluble parts of the ashes. 

In the same way water in passing through ma- 
nures takes up the soluble portions of the ash as fiut 
as liberated by decomposition, and carries them into 
the soil below ; or, if the water nms off fcom the 
sui&ce, they accompany it. In either case they are 
lost to the manure. There is but a small quantity 
of ash exposed for leaching in recent manures ; but, 
as the decomposition of the organic part proceeds, it 
continues to devdope it more and more (in the same 
manner as burning woidd do, only slower), thus pre- 
paring fresh supplies to be carried off with each 
shower. In this way, while manure is largely in- 
jured by evaporation, the soluble inorganic parts are 
removed by water until but a small remnant of its 
original fertilizing properties remains. 

It is a singular fact concerning leaching, that 
water ia able to cany no part of the organic consti- 
tuents of v^tables more thim about thirty-four 
inches below the sui&ce in a fertile soiL They 
would probably be carried to an unlimited distance 



How does water affect decomposing manures t 

Does continued decomposition continue to prepare m a t e TiH i l to 
1>e leadied away f 

How far from the surface of the soil may organio oo!utita«nti 
be carried by water t 
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in pure sand, as it contains nothing which id capable 
€£ arresting them ; but, in most soUs, the clay andr 
carbon which they contain retain all of the ammonia ; 
also Dearly all of the matters which go to form the in- 
(H^nic constituents of plants within about the above 
named distance from the surface of the soil. If such 
were not the case, thefertiUty of the earthmust soob 
be destroyed, as all of those elements which the soil 
must supply to growing plants would be carried down 
out of the reach of roots, and leave the world a 
barren waste, its surface having lost its elements of 
fertility, while the downward filtration of these 
would render the water of wells unfit for our use. 
Now, however, they are all retained near the surface 
of the soil, and the water issues from springs com- 
paratively pure. 

Evaporation removes from manure — 

Carbon, in the form of carbonic acid. 
Hydrogen and oxygen, in the form of 

water. 
Nitrogen, in the form of ammonia. 
Lbaohing removes from manure — 

Thesoluble and most valuable parts of 
the ash in solution in water, Ijpesides 
carrying away some of the abore 
named forms of organic matter. 



What arrests their fieurther progress ? 

What would be the effect of allowing these matters to filter 
downwards 9 

What does evaporation remove from manure I Leaching I 
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CHAPTER IV. 

ABBOBBSNTS. 

Befobe considering farther the subject of animal 
excrement, it is necessary to examine a class of 
manures known as absorbents. These comprise all 
matters which have the power of absorbing, or soak- 
ing up, as it were, the gases which arise from the 
evaporation of solid and liquid manures, ajid retain- 
ing them until required bj plants. 

The most important of these is undoubtedly car- 
bon or charcoal. 



OHABCOAL. 

Charcoaly in an agricultural sense, means all 
forms of carbon, whether as peat, muck, charcoal 
dust from the spark-catchers of locomotives, charcoal 
hearths, river and swamp deposits, leaf mould, de- 
■3omposed spent tanbark or sawdust, etc. In short, 
if any vegetable matter is decomposed with the par- 
tial exclusion of air (so that there shall not be oxygen 
enough supplied to unite with all of the carbon), a 

V 

Wliat substances are called absorbents? 

Mliat ia the most important of these t 

What sabstances are called charcoal in agricultaref 

How is vegetable matter rendered Usefiil a^ charcoal I 
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portion of its carbon remains in the exact condition 
to serve the purposes of charcoal 

The offices performed in the soil by carbonaceous 
matter were fully explained in a former section (p. 79^ 
Sect. 2), and we will now examine merely its action 
with regard to manures. When properly applied to 
manures, in compost, it has the following effects : 

1. It absorbs and retains the fertilizmg gases 
evaporating &om decomposing matters. 

2. It acts as a divisor, thereby reducing the 
strength (or intensity) of powerful manures — ^thus 
rendering them less likely to injure the roots of 
j[>Iant8 ; and also increases their bulk, so as to -pre- 
vent ftrefanffing in composts. 

3. It in part prevents the leaching out of the 
soluble parts of the ash. 

4. It keeps the compost moist. 

The first-named office of charcoal, {. e., absorbing 
and retaining gases, is one of the utmost importance* 
It is this quality that gives to it so high a position 
in the opinion of all who have used it. As was 
stated in the section on soils] carbonaceous matter 
seems to be capable of absorbing every thing whick 
may be of use to vegetation. It is a grand puri- 
fier, and while it prevents offensive odors fix)m es- 
caping, it is at the same time storing its pores with 
food fox the nourishment of plants. 

What 18 the fint-named eflfeot of eharooall The seeondl 
Third! Fourth f 

Ebqplaiii the first aotioii.. 
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2d. Ill its capacity as a djirMor for mantu^SyCl^ 
coal should be considered as ezoeDent in all casesi 
especially to use with strongly concentrated (or heat- 
ing) animal manures. These^ ^hen applied in their 
natural state to the soil, are very apt to injure young 
roots by the violence of their action. When mixed 
with a divisor, such.manures are diluted, made less 
active, and consequently less injurious. In composts, 
manures are liable, as has been before stated, to be- 
come burned by the resultant heat of decomposition j 
this is called Jire fanffingy and is prevented by the 
liberal use of divisors, because, by increasing the 
bu|k, the heat being diffused through a laxger mass, 
becomes less intense. The same principle is exhib- 
ited in the fikct that it takes more fire to boil a 
cauldron of water than a tea-kettle fulL 

3d. Charcoal has much power to arrest the pas- 
sage of mineral matters in solution ; so much so, that 
compost heaps, well supplied with muck, are less af- 
fected by rains than those not so supplied. All 
composts, however, should be kept under cover. 

4th. Charcoal keeps the compost moist from the 
ease with which it absorbs water, and its ability to 
withstand drought. 

With these advantages before us, we must see 
the importance of an understanding of the modes for 

Explain its action as a divisor. 

How does charcoal protect composts against injnrioas action of 
rains ? 

How does it keep them moist f 
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obtaining charooal. Manyfitrmeis are bo sitaated 
that they can obtain snffident quantities of charcoal 
dust. Others have not equal facilities. Nearly all^ 
however^ can obtain 'mt^, and to this we will now 
turn our attention. 



MUCK, AND THE LIME AND SALT MIXTURE. 



By niticky we mean the vegetable deposits of 
swamps and rivers. It consists of decayed oi^anic 
substances, mixed, with more or less earth; Its prin- 
cipal constituent is carbon^ in different degrees of 
development, which has remained after th^ decdm- 
position of vegetable matter. Muck varies largely 
in its quaUty, according to the amount of carbon 
which it contains^ and the perfection of its decompo- 
sition. The best muck is usually found in compara- 
tively dry locations, where the water which once 
caused the deposit has been removed. Muck which 
has been long in this condition, is usually better de- 
composed than that which is saturated with water. 
The muck &om swamps, however, may soon be 
brought to the best condition. It should be thrown 
out, if possible, at least one year before it is required 
for use (a less time may suffice, except in very cold 



What source of carbon is -witbin the reach of most farmers t 
Wbat do we mean by m\ick f 
Of what does it consist? 
How does it differ in quality ff 
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climates), and left, in small heaps or ridges, to the 
actjpn of the weather, which will assist in pulverizing 
it, while, from having its water removed, its decoi^- 
position goes ton more rapidly. 

After the muck has remained in this condition 
a sufficient length of time, it may be removed to the 
barn-yard and composted with the lime and salt mix- 
ture (described on page 115) in the proportion of one 
cord of muck to four bushels of the mixture. This 
compost ought to be made under cover, lest the rain 
leach out the constituents of the mixture, and thus 
occasion loss ; at. the end of a month or more, the 
muck in the coq^post will have been reducSi to a &a% 
pulverulent mass,, nearly equal to charcoal dust for 
application to animal excrement. When in this 
condition it is caRoA prepared muck, by which name 
it will be designated in the following pages. 

Muck should not be used immediately after being 
taken from the swamp, as it is then almost always 
souvy and is liable to produce sorrel. Its sowmess is 
due to actcb which it contains, and these must be 
rectified by the application of an alkali, or by long** 
exposure to the weather, before the muck is suitable 
for use. 



What is the first step in preparing ^uck for deoomposition f 

With what proportion of the lime and salt mixture should it 
be composted I 

Why should this oompost be made under cover I 

What is this called after decomposition f 

Why should we not use muck immediately after taking it from 
the swamp t 
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• LIME AKD SALT MIXTUBE. 

The lime and salt mixture, used in the decom- 
position of muck, is made in the following manner : 

Recipe. — Take three bushels of shell lime, hot 
from the kilTtj or as fresh as possible, and slake it 
with water in which OTie bushel of salt has been dis- 
solved. 

Care must be taken to use only so much water as 
is necessary to dissolve the salt, as. it is difficult to 
induce the lime to absorb b, larger quantity. 

In dissolving the salt, it is well to hang it in let 
basket in the upper part of the water, as the salt 
water will immediately settle towards the bottom 
(being heavier), and allow the freshest water to be 
nearest to th6 salt. In this way, the salt inay be all 
dissolved, and thiismake the brine used to slake the 
Kme. It may be necessary to apply the brine at in- 
tervals of a day or two, and to stir the mass often, 
as the amount of water is too great to be readily 
absorbed. 

This mixture should be made under cover, as, if 
exposed, it would obtain moisture from rain or dew, 
which would prevent the use of all the brine. 

What proportions of lime and salt are required for the decom- 
posing mixture ? 

E^ldln the process of making it. 
Why should it be made under coyer t 
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Another otgection to its exposure to the weather k 
its great liabiUty to be washed away by rains. It 
should be at least ten days old before being used, 
and would probably be improved by an age of three 
or four months, as the chemical changes it undergoes 
will require some time to be completed. 

The character of this mixture may be best de- 
scribed l^ the foUowing diagram :— 

We have originally — 



. Chloride of lime. 



Limel Salt 

consisting of 

Chlorine ^ Chloride 

and > of 
rSodi^m. ) Sodium. 
— Carbonic acid 

and 
— Oxygen iu the air. 

. Carbonate of Soda. 

The lime unites with the chlorine of the salt and 
fomis ^ortde of lime. 

The sodium, after being freed from the chlorine, 
unites with the oxygen of the air and forms soda, 

* There \b, undoubtedly, Bome of this lime which does not unite 
irith the chlorine ; this, however, is Btill as yaluable as any lime. 



Explain the character of thia mixture as represented in the 
diagram. (Black board.) 
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which, combining with the carbonic add of the at- 
mosphere, forms carbonate of soda. 

Chbride of lime and carbonate of soda are better 
agents in the decomposition of muck than pure salt 
and lime ; and, as these compounds are the result 
of the mixture, much benefit ensues from the opera- 
tion. 

When shell lime cannot be obtained, ThQmaston, 
or any other very pure lime, will answer, though care 
must be taken that it do not contain much magnesia. 



LIME. 

Muci may be decomposed by the aid of other ma- 
terials. Lime is very efficient,*" though not as much 
so as when combined with salt. The action of lime, 
when applied to the muck, depends very much on its 
condition. Air-slaked lime (carbonate of lime), 
and hydrate of lime^^ slaked with water, have but a 
limited effect compared with lime freshly burned 
and applied in a caustic (or pure) form. When so 
used, however, the compost should not be exposed to 
rains, as this would have« tendency to make mortar 
which woiild harden it. 



What effect has lime on muek ? 
On what does the energy of this effect depend? 
Why should a compoat of muck and lime be protected from 
nun I 
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POTASH. 

Potcuih is a very active agent in decomposing 
vegetable matter^ and may be used with great ad- 
vantage, especially where an analysis of the soil which 
is to be manured shows a deficiency of potash. 

Unleached wood ashes are generally the best 
source from which to obtain this, and ftom five to 
twenty-five bushels of these mixed with one cord of 
muck will produce the desired result.^ 

The sparlings (or refuse) of potash warehouses 
may often be purchased at sufficiently low rates to be 
used for this purpose, and answer an excellent end. 
They may be applied at the rate of from twenty to 
one hunibed pounds to each cord of muck. 

By any of the foregoing methods, muck m&y be 
prepared for use in composting. 

* Leached ashes ^11 not supply the place of thesei as the 
leaching has deprived them of their potash. 

Is potash valuabU for this use ? 
From what sources may potash be obtained ff 
In what proportion should ashes be applied to muokf Spar- 
itngtt 
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CHAPTEE V. 

COMPOSTING STABLE MANUBE. 

In composting stable manuro in the most economical 
manner^ the evaporation of the organic parts and 
the leaching of the ashy (and other) portions must 
be avoided, while the condition of the mass is such as 
to admit of the perfect decomposition of the manure. 
Solid manures in their fresh state are of but very 
little use to plants. It is only as they are decom- 
posed, and have their nitrogen turned into ammonia, 
and their other ingredients resolvj8d into the condi- 
tion required by plants, that they are of much value 
as fertilizers. We have seen that, if this decomposi- 
tion takes place without proper precautions being 
made, the most valuable parts of the mwure would 
be lost. Nor would it be prudent to keep manures 
firom decomposing until they are applied to the soil, 
for then they are not immediately ready for use, and 
time is lost. By composting, we aim to save every 
thing while we prepare the manures for immediate 
use. 



What principlea should reeolate ub in compoBting t 
In what condition is solid dung of valne as a fertuizert 
What do we aim to do in composting ? . 
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The first consideration in preparing for compost- 
ing^ is to provide proper shelter. This may be done 
either by means of a shed or by arranging a cellar 
under the stables, or in any other manner that may 
be dictated by circumstances. It is no doubt better 
to have the manure shed enclosed so as to make it 
an effectual protection ; this however is not ab- 
solutely necessaiy if the roof project far enough over 
the compost to shelter it from the sun's rays and from 
driving rains. 

The importance of some protection of this kind, 
is evident from what has already been said, and 
indeed it is impossible to make an economical use of 
manures without it. The trifling cost of building a 
shed, or preparing a cellar, is amply repaid in the 
benefit resulting from their uses. 



THS FLOOB. 

The ^or or foundation on which to build the 
compost deserves some consideration. It may l^e of 
plank tightly fitted, a hard bed of clay, or better, a 
cemented surface. Whatever material is used in its 
construction (and stiff clay mixed with water and 

What is the first consideration for oomposts f 
Describe the arrangement of floor. 
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beaten compactly down answers an excellent purpose)^ 
the floor must have such an inclination as will cause 
it to discharge water only at one point. . That is, 
one part of the edge must be lower jbhan the rest of 
the floor, which must be' so shaped that water will 
run towards this point from every part of it ; then — * 
the floor being water-tight — ^all of the liquids of the 
compost may be collected in a 



TANK. 

This tank used to collect the liquids of the xna^ 
nure may be made by sinking a barrel or hogshead 
(according to the size of the heap) in the ground at 
the point where it is required, or in any other con- 
venientnaanner. 

In the tank a pump of cheap construction may 
be placed, to raise the liquid to a sufficient height to 
be conveyed by a trough to the centre of the heap, 
and there distributed by means of a perforated board 
with raised edges, and long enough to reach across the 
heap in any direction. By altering the position of 
this board, the liquid may be carried evenly over 
the whole mass. 

The appearance of the apparatus required for com- 
posting, and the compost laid up, may be better 
shown by the following figure. 

How should the tank be Attftohedt 



a, tank ; b, pamp ; c&g, pjiforated boaid ; d, lawik ; 
e, manure ; /, floor. 

- Tlie compcrat is made by laying on the floor ten 
or twelve inches of muck, and on that a few inches • 
of manure, then another heavy layer of muck, and 
another of manure, continuing in this manner until 
the heap is raised to the required height, always having 
a thick layer of muck at the top. 

After laying up the heap, ttie tank should be 
flUed with liquid manure from the stables, slops ftom 

Hot u tha oompoit nude! 
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the house^ soap-Buds, or other water containing fei^ 
tilizing matter^ to be pumped over the mass. There 
should be enough of the liquid to saturate the heap 
and filter through to fill the tank twice a week, at 
which intervals it should be again pumped up, thus 
continually being passed through the manure. This , 
liquid should not be changed, as it contains much 
soluble manure. Should the liquid manures named 
above not be sufficient, the quantity may be in- 
creased by the use of rain-water. That falling 
during the first ten minutes of a shower is the best, 
as it contains much ammonia. 

The effects produced by frequently watering the 
compost is one of the greatest advantages of this 
system. 

The soluble portions of the manure are equally 
diffused through eveiy part of the heap 

Should the heat of fermentation be. too great, the 
watering will reduce it. 

When the compost is saturated with water, the 
air is driven out ; and, as the water subsides, frtsk 
aar liters and takes its plaoa This fcesh air con- 
tains oxygen, which assists in the decomposition of 
the manure. 

In short, the watering does all the work of fork- 

ing over by hand much better and much more cheaply. 

What liquids are beat for xooistQiuii^ the compost t 
How should they be applied ff 
What are the advantages of this moisteningt 
How does it oompare with forldb^g <^v^t 



1UHUXI& 123 

At thfi end of a moiitli or moie^ tins oompost viU 
be ready far imcL Tbe kijeis in the manvra mU 
hare dkappeared^ the wlude laaBs lumng beocHne 
e£ a tmiform character^ bigUy fertUking, and ready 
to be immediately used by planta 

It may be applied to the 8oiI, rither as a top- 
dressing, or otherwise^ ^thout fear of loss, as the 
iBDck will retain all of th^ gases whi(^ would 
otibttrwise eraporate. 

The eost and trouble of the foregoing system of 
eomposting are trifling compared with its adTantagea 
The quantity of the manare is much increased, and 
its quality improved. The health of the animab is 
aecured by the retention of those gases,, which^ when 
allowed to escape, raider impure the air which they 
haYe to breathe. 

The cleanliness of the staUe and yaid ia much 
aohranoed as the e£Eete matteis^ which would other- 
wise litter theni, are carefully removed to the compost. 

As an instance of the profit of composting, it may 
be* stated that Prof. Mapes has decomposed ninety- 
two cords of swamp muck, with four hundred bushels 
of the lime and salt mixture, and then composted 
it with eight cords of fresh horse dung,' making one 
hundred cords of manure fiilly equal to the same 
amount of stable-manure alone, which has lain one 

Why win the ammonia of manure thus made, not escape if ii 
be ined aa a top dreasing^ ^ 

What are the advantages of prepariQg manures in tiii»i&aime»t 
What is the piefife atUndiag'iit 



• 
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year exposed to the weather. Indeed one cord of ' 
muck well decomposed, and containing the chlorine 
lime and soda of four bushels of the mixture, is of itself 
equal in value to the same amount of manure which 
has lam in an open barn-yard during the heat and 
rain of one season, and is then applied to the land 
in a raw or undecomposed state. 

The foregoing systedi of composting is the best 
that has yet been suggested for making use of solid 
manures. Many other methods may be adopted 
when circumstances will not admit of so much at- 
tention. It is a common and excellent practice to 
throw prepared muck into the cellar under the stables, 
to be mixed and turned over with the manure by 
swine. In other cases the manures are kept in the 
yard, and are covered with a thin layer of muck 
every morning. The principle which renders these 
systems beneficial is the absorbent power of charcoal 



UQUID MANITRB. 

Liquid manure from animals may, also, be made 
useful by the assistance of prepared muck. Where 
a tank is used in composting, the liquids from the 
stable may all be employed to supply moisture to the 
heap ; but where any system is adopted, not requir- 

In what other manners may mack be used in the preserration 
of mannres ) 

How may liquid manore be made most niefdlf 
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ing liqtddB, the urine may be applied to muck heaps, 
and then allowed to ferment. Fennentation is ne- 
cessary in urine as well as in solid dung, before i.t is 
yery active as a manure. Urine, as will be recol* 
lected, contains nitrogen and forms ammonia on fer- 
mentation. 

It is a veiy good plan to dig out the bottoms of 
the staDs in a circular or gutter-like form, three or 
four feet deep in the middle, cement the ground, 
or make it nearly water-tight, by a plastering of 
aliff clay, and fill them up with prepared muck. 
The appearance of a cross section of the floor thus 
arranged would be as follows : 




Fig. 8. 

The prepared-, muck in the bottom of the stalls 
would absorb the urine as soon as voided, while yet 
warm with the animal heat, and receive heat from 
the animal's body while lying down at night. This 

Describe the manner of digging oat the bottoms of stalls. 
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heat win hasten the decompCMSltiOEL <^ the iiit%* 
and if the muck be renewed twice a month, and 
that which is removed composted under cover, il 
will be found a most prolific source of good manure. 
In Flanders, the liquid manure of a cow is consider'^ 
ed worth $10 per year, and it is not less valuable 
here. As was stated in the early part of this sec- 
tion, the inorganic (or mineral) matt^ contsdned in 
urine, is soluble, and consequently is immediately 
useful as food for plants. 

By referring to the analysis of liquid and sdiid 
manure, in section Y., their relative value may be 
seen. 
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CHAPTER VL 

DIFFBBBNT KINDS OF ANIMAL E X & E- 

HBNT* 

The manures of different animals are, of course, of 
different value, as fertilizers, varying according to 
the food, the age of the animals, etc. 

STABLE MANtTBE. 

By stable manure we mean, usually, that of the 

^llie nitrogeaouB eompoand in th« urine. 



bono, Bad tiutt «f bomed eatUe^ 1%e ciMie desorilH 
ed in chap. 2 (of ibis section), Waft one where th^ 
animal was not increadng in any of its partSj but 
Fetamed, in the fonn of manure^ and otherwise, the 
equiyalbnt of every thing eaten. .This case is one of 
the most simple kind, and is subject to many modifi- 
cationst 

The growing animal is increasing in size, and as 
be derives bis increase from bis food, be does not re- 
torn in the form of manure as much at be eats. If 
his bones are growing, be is taking from bis food 
phosphate of lime and nitrogenous matter ; conse- 
quently, the manure will be poorer in these ingre- 
dients. The same inay be said of the formation of 
the muscles, in relation to nitrogen. • 

Th% fatting animal, if Aill^own, makes manure 
which is as good as that from animals that are not 
increasing in size, because the fat is taken from those 
parts of the food whidb are obtiuned by plants from 
the atmosphere^ and from nature, (i. e. from the 1st 
class of prozimates). Fat contains no nitrogen, 
and, consequently, does not lessen the amount of 
this ingredient in the manure. 

MUch Cows turn a part of their food to the for- 



Ib thd manure of fall-grown animals of the same quality as that 
of other animals I 

Why does that of the growhig animal differ f 

Why does not the fbrmati(» of /si reduee the qvalilrf of wm* 
nnre f 

Whit doe^ MkUk rtoioiTe ^m thd feodf 



128 MANUBSS. 

mation of milk^ and conseqaeatly, they produce ma- 
nure of reduced value. 

The solid manure of the horse is better than that 
of the ox, while the liquid manure of the ox is com- 
paratively better than that of the horse. Thef cause 
of this is that the horse has poorer digestive organs 
than the ox, and consequently passes more of the 
valuable parts of his food, in an undigested form, as 
dung, while the ox, from chewing the cud and hav- 
ing more perfKt organs^ turns more of his food into 
urine than the horse. 



BEOAPITULATION. 



' make the best manure. 



Full Growk animals not 
producing milk, and 
full grown animals fieit- 
tening 

Gbowing Animals redilce the value of their manure, 
taking portions of their food to form their 
' bgdies. 

Milch. Cows reduce the value of their manure by 
changing a part of their food into milk. 

The Ox makes poor dung and rich urine. 

The Hobse makes rich dung and poor urine.^ 

** Comparatively. 



How do the solid and Uquid manure of the horse and oz eou^ 
pare? 

What oooasions these differences ff 
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NIGHT SOIL. 

The best manure within the reach of the fanner 
is night soUy or human excrement. There has al- 
ways been a false delicacy about mentioning this fer- 
tilizer^ which has caused 'much waste^ and great 
loss of health, ftom. the impure and offensive odors 
which it is allowed to send forth to taint the air. 

The value of the night soil yearly lost in the 
United States is, probably, about J^ty millions of 
dollars (50,000,000) ; an amount nearly equal to 
the entire expenses of our National Government. 
'Much of the ill health of our people is undoubtedly 
occasioned by neglecting the proper treatment of 
night soil. 

That which directly affects agriculture, as treated 
of in this book, is the value of this substance as a 
fertilizer. The manure of man consists (as is th^ 
case with that of other animals) of those parts of 
his food which are not retained in the increase of 
his body. ^ If he be gromng^ his manure is poorer, 
as in the case of the ox, and it is subject to all 
the other modifications named in the early part of 
this chapter. His food is usually of a varied charac- 
ter, and is rich in nitrogen, the phosphates, and 



What ia the most valuable manure accessible to the farmerl 
Wbat is the probable value of the night soil yearly lost in the 
United States? 

Of what does the manure of man consbt f 

6» 
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other inorganic constituents ; consequently, his ma* 
nure is made valuable by containing large quantities 
of these matters. As is the case with the ox, the 
duTig contains the undigested food, the secretions (or 
leakings) of the digestive organS| and the insoluble 
parts dl the ash of the digested food. The urvn/^^ 
in like manner, contains a- large proportion of the 
nitrogen and the soluble inoiganio parts of the di-' 
gested food. When we consider how much richer 
the /ooc{ of man is than that of homed cattle, we 
shall see the superior value of his exGttm&id, 

Night soil has been used as a manure, for ages^ 
in China, which is, undoubtedly, one great secret of 
their success in supporting a dense population, for 
so long a time, without impoverishing the soiL It 
•ha« been found, in many instances, to increase the 
productive power of the natural soil three-fold. 
That is, if a soil would produce ten bushels of wheat 
per acre, without manure, it would produce thirty 
bushels if manured with night soil* 

Some have supposed that manuring with night 
soil would give disagreeable properties to plants: 
such is not the case ; their quality is invariably im- 
proved. The color and odor of tl^ rose become 
richer and more delicate by the use of the most of- 
fensive night soil as manure. 

Describe this maaore as compared with the excrements of 
> other aDimals* 

Doeai the use of night soil produce disagreeable properties id 
plants! 



tt is ^^deiit that this is the caM £rom the ftct 
that plants have it for their direct object to make 
oyer and put together the refiise organic matter^ and 
the gases and the minerals fbnnd in natnte^ for the 
use of animals. If there t^ere no natural means of 
rendering the excrement of animals available to» 

^ plants^ the earth must soon be shorn of its fertility, 
as the elements of growth wheti once consumed 
would be essentially destroyed, and no soil coul3 
survive the exhaustion. There is no reason why the 
manure of man should be rejected by vegetation 
more than that of any other animal ; and indeed it 
is not^ for amplef expmence has proved that for most 
floik there is no better manure in existence. 

A sitigle experiix^nt will suffice to Show that 
mght soil rnBkj be so k^pt that there shall be no lostf 

' of its valualde gaeles, and consequently no offensive 
odor arising from it^ While it may be removed and 
appitied to (stops withotit unpleasantness. All that 10 
necessaiy to e£feot this wonderful change in night soil^ 
and to tuni it from its disagreeable charaoter to on& 
entiirely moffenaive, is to mix with it a little chaN 
coal dust, prepared muck^ or any other good ab- 
sorbent — thus making what is tolled poudrette* 
The mode of doing this must depend on circum- 
stances In many casesi it would be expedient to 



What is the direct object of plants 9 
What would result if this were not the case t 
How may night soil be easily prepared for roe, and its offetuKtv^ 
odor pi^yentedr 
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keep a barrel of the absorbent in the privy and throw 
down a small quantity every day. The effect on the 
odor of the house would amply repay the trouble. 

The manure thus made is of the most valuable 
character^ and may be used under any circumstances 
with a certainty of obtaining a good crop. It should 
not be used unmixed with some absorbent^ as it is of 
such strength as to kill plants. 
* For an analysis of human manure, see Section V. 

HOG HANUBE. 

Hog Manure is very valuable, but it must be 
used with care. It is so violent in its action that, 
when appUed in a pure form to .crops, it often pro- 
duces injurious results. It is liable to make cabbages 
dtimp^ootedy and to induce a disease in turnips 
called awbury (or fingers and toes). The only pre- 
caution necessary is to supply the stye with prepared 
muck, charcoal-dust, leaf-mould, or any absorbent in 
plentiful quantities, often adding fresh supplies. 
The hogs wiU work this over with the manure.; and, 
when required £5r use, it will be found an excellent 
fertilizer. The absorbent vrill have overcome its i|>- 
jurious tendency, and it may be safely applied to any 
crop. From the variety and rich character of the food 
of this animal, his manure is of a superior quality. 

Should pure night soil be used as a manure f 

What precaution is necessary in preparing hog manure for use f 
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Butcher^ Aog^pen manure is one of the best fer- 
tOisers known. It is made by animalB that live 
almost entirely on blood and other animal refuse, and 
isveiy rich in nitrogen and the phosphates. It 
should be mixed with prepared muck, or its substitute, 
to prevent the loss of its ammonia, and as a pro- 
tection against its injurious effect on plants. 



POULTRY HOUSE MANURE. 

• 

Next in value to ni^t soil, among domestic ma- 
nures, are the excrements of poultry, pigeons, etc. 
Birds live on the nice bits of creation, seeds, insects, 
etc., and they discharge their solid and liquid excre- 
ments together. Poultry-dung is nearly equal in 
value to guano (except that it contains more water), 
and it deserves to be carefully preserved and judi- 
ciously nsed. It is as well worth seventy-five cents 
per bushel as guano is worth fifty dollars a ton (at 
which price it is now sold). 

Poultry-manure is liable to as much injury from 
evaporation and leaching as is any other manure, and 
equal care should be taken (by the same means) to 
• prevent such loss. Good shelter over the roosts, and 
daily sprinkling with prepared muck or charcoal- 
dust will be amply repaid by the increased value of 

Why is the manure from butchejs' hog-pens very valuable! 
How does the value of poultry manure compare with that of 
guano I 

,How may it be protected against loss V 
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the manturd, m3L its better aotion mid graat^ dtra- 
bility in the sdOL The value of this maQuie e^ould 
be taken into eoniddemtion in calculating the profit 
of keeping poultry (as indeed with all other stock). 
It has been observed by a gentleman of much ex- 
perienoe, in poultry raising, thai the yearly manure of 
a hundred fowls applied to previously unmanured 
land would prcfduce extra com enough to keep them 
for a year. This is probably a large estimate, but it 
serves to showthattL fertUizer isver7vaJt.able,aiid 
also that poultry may be kept with great profit, if 
their excrements are proper^ secured. 

The manure of pigeons has been a favorite fer- 
tiliser in Bomd oountri^ fer more than 2000 years. 

Market gardeners atta^ much value to rabbit- 
ntanure. 



SHEEP MANURE. 

The manure of sheep is less valuable than it 
would be, if so large a quantity of the nitrogen and 
mineral parts of the food wwre not employed in the 
formation of wool. This has a great effect on the 
richness of the excrements, but they are still a very 
good fertilizer, and should be protected from loss in 
the same way as stable manure. 

-' ^ . - - . - , , I .., ■ IMI I I 

Wh«t oAA ydti Msy of th« mamire of Awp t 
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GtTANO. 

Ouano as a mantuie lias becoiSe world renowned. 
The worn-out tobacco lands of Virginia, and other 
fields in many parts of the country, which see^ied to 
have yielded to the efiect of an ignorant ooatse of 
cultivation, and to have sank to their final repose, 
have in many cases been revived to the production of 
excellent crops, and have had their value multiplied 
many feld by the use of guano. Although an exoellent 
manure, it should not cause us to lose s^ht of those 
valuable materials which exist on almost eveiy fisum. 
Every ton of guano imported into the United States 
is -an addition to our national wealth, but every ton 
of stable-manure, or poultry-dung, or night soil 
evaporated or carried away in rivers^ is equally a de- 
dudion from our riches. If the imported manure is 
to really benefit us, we must not aUow it to occasion 
the neglect and consequent loss of our domestic fer* 
tilizers. 

The I^eruvian guano (which is considered the 
best) is brought from islands near the coast of Peru. 
The birds which frequent these islands live almost 
entirely on fish, and drop their excrements here in 
a climate where rain is almost unknown, and where, 
frt)m the dryness of the air, there is but little loss 
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Should the rue of guano induce us to disregard other mantDPflVf 
Where and in what manner is the beet gwaiio deponttd f 
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soBtaiBed bjr the manure. It is brought to this 
conntTj in laige quantities^ and is an excellent fer- 
tilizer, superior even to night soiL 

It should be "mixed mth an absorbent before 
being used, mdess it is plowed deeply under the soil, 
as it contains much ammonia which would be lost from 
eyaporation. It would probably also injure plants. 
The best way to use guano, is in connection with 
sulphuric acid and bones, as will be described here^ 
after. 

The composition of the various kinds of guano 
maybe found in the section on analysis. 
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CHAPTER Vn. 

OTHEB OBGANIO KANUBS8. 

The number of organic manures is ahnost counts 
less. The most common of these have been de- 
scribed in the previous chapters on the excrements 
of aaiimals. The more prominent of the remaining 
ones wiU now be considered. As a universal rule, it 
may be stated that all organic matter (every thing 
which has had vegetable or animal life) is capable 
of fertilizing plants. 

How ihould it be prepared for tise ? 
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DEAD AKIMALS. 

The bodies of animals contain muck mtrogerij 
as well as valuable quantities, the phosphates and 
other inorganic materials required in the growth of 
plants. On their decay, the nitrogen is resolved into 
ammonia.^ and the mineral matters become valuable 
as food for the inorganic parts of plants. 

If the decomposition of animal bodies takes place 
in exposed situations, and without proper precautions, 
the ammonia escapes into the atmosphere, and much 
of the mineral portion is leached out by rains. The 
use of absorbents, such as charcoal-dust, prepared 
muck, etc., wiU entirely prevent evaporation, and 
will in a great measure serve as a protection against 
leaching. 

If a dead horse be cut in pieces arid mixed with 
ten loads of muck, the whole mass will, in a single 
season, become a most valuable compost. Small 
animals, such as dogs, cats, etc., may be with ad- 
vantage buried by the roots of grape-vines or trees. 



* Under aome droiimstaiiees, m'^itc aeid is formed, which is 
equally beneficial to vegetable growth. 



What are the chief fertilizing constituents of dead animals ! 
What becomes of these when exposed to the atmosphere t 
How may this be prevented f 



\ 
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BONSa 

The bones of aiiimals contam phosphate of lime 
aod gelatine. The gelatine is a nitrogenoas sub- 
stance, and produces ammonia on its decomposition. 
This subject will be spoken of more fully under the 
head of ' phosphate of lime ' in tiie chapter on mineral 
manures, as the treatment of bcmes is more directly 
with reference to the fbrtilizing value of their inor- 
ganic matter. 

FISH. 

. In many localities near the sea-shore large quan- 
tities of fish are caught and applied to the soil. 
These make excellent manure. They contain much 
nitrogen, which renders them strongly ammoniacal 
on decompositicm. Their bones consist of phosphate 
and carbonate of lime ; and, being naturally soft, 
they decompose in the soil with great facility, and 
become available to plants. The scales of dsh con- 
tain valuable quantities of nitrogen, phosphate oi 
lime, etc., all of which are highly usefid. 

Befude fifliiy mattets fixmi markets mnd froM the 
house are well worth saving. These and fish cd|ight 

for manure may be made into compost with prepared 

• - • ■■- •— ■•■ ,.-.-■■. — 

Of what do the bones of animals oonust f 

What is gelatine t 

Describe the fertilixing qualities of fish. 



meak, etc. ; ftud, ha they pui»^ mpMly, th^y mkm 
become teady fbt vm. They may be lidded to the 
compost of stable mamire with great advantage. 

Fieii (like all other nitrt^nous manures) should 
neyer be ap{died as a top dressings unless previously 
misied with a good absorbent of ammonia, but should 
when used alone be immediatelyplowed under to con- 
sidei&ble depth, to prevent the evaporation-^-and con«* 
sequent los»— ^f their ferUlicing gafle& . 

WOOLLBH BAaS^ BTd. 

WodUen rags^ h/Ur, tOaste (ftoooUen/adorieaj etc.| 
contain both nitrogen and phosphate of lime ; and, 
like all other matters containing these ingredients, 
a^ excellent manures, but must be. used in such a 
way as to prevent the escape o£ their fertilizing gases. 
Thsy decompose slowly, and are therefore considered 
a lasting manure. like all lading manures, how« 
ever, they are slow in their ^ects, and the most ad- 
vantageous way to use them is to compost them with 
stable manure, or with some other rapidly ferments 
ing" substance, which will hasten their decompositioti 
and render them sooner available. 

Bags, hair, etc., thus treatedi wiU in a short 
timQ be reduced to such a condition that they may 

be immediately used by plants instead of lying in the 

— - - - -• — '^ — ■ — ^— — -■ — — — *- ^^» ■- — -- „, 

Should thMe be ftpplM fts A to]^ dj^essiog^ to the toill 
What are the fertilusmg properties 6f woollen ngtf 
What ie the best way to use th^m t 
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soil to be slowly taken up. It is better in all cases 
to have manures act quickly and give an immediate 
return for their cost, than to lie for a long time in 
the soil before their influence is felt. 

A pound of woollen rags is worth, as a manure, 
twice as much as is paid for good linen shreds foi 
paper making ; still, while the latter are always pre- 
served, the former are thrown away, although con- 
sidered by good judges to be worth forty times as 
much as barn-yard manure. 

Old leather shoidd not be thrown away. It de- 
composes very slowly, and consequently is of but a 
little value ; but, if put at the roots of young trees, 
it will in time produce appreciable effects. 

Tawn^i and currier^ refuse, and all other ani- 
mal offal, including that of the slaughter-house, is 
well worth attention, as it contains more or less of 
those two most importcmt ingredients of manures, 
nitrogen and phosphate of lime. 

It is unnecessary to, add that, in common with, 
all other animal manures, these substances must be 
either composted, or immediately plowed under 
the soiL Horn piths, and horn shavings, if decom- 
posed in compost, with substances which ferment 
rapidly, make very good manure, and are worth fully 
the price charged for them. 

■ I I I I I ■! P III 

What is their value compared with' that of farm-yard manure.* 

How should old leather be treated f 

Describe the manurial properties of tanners' refuse. 

How should they be treated f 

Are horn piths^ etc. valuable f 



HANUBBS. 141 



OBaANIO MANURES OF YEGETABLS OBIGIN. 

Jifuckj the most important of the purely vegetar 
ble manures, has been already sufficiently described. 
It should be particularly borne in mind that^ when 
first taken from the swamp it is often souvy or coldy 
but that if exposed for a long time to the air, or if 
well treated with lime, unleached ashes, the lime 
and salt mixture, or any other alkali, its acids will 
be netdrcdized (or overcome), and it becomes a good 
application to any soil, except peat or other soils al- 
ready containing large quantities of/ organic matter. 
In applying muck to the soil (as has been before 
stated), it should be made a vehicle for carrying 
ammoniacal manures. 

SPENT TAN BABE. 

JSpent tan larky if previously decomposed by the 
^use of the lime and salt mixture, or potash, answers 
all the purposes of prepared muck, but is more dif-^ 
fi.cult of decomposition. 

The bark of trees contains a larger proportion of 
inorganic matter than the wood, and much of this, 
on the decomposition of the bark, becomes available 
as manure. The chemical effect on the bark, of 

Why is decomposed bark more fertUizing than that of decayed 
wood! 
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using it in the tanning of leather^ is snch as to ien« 
der it difficult to be xotted by the ordinary means^ 
but, by the use of the lime and salt mixture it may 
be reduced to the finest condition, and becomes a 
most excellent manure. It probably contains small 
quantities of nitrogen (obtained £rom the leather), 
which adds to its value. Unless tan bark be com- 
posted with lime, or some other alkali, it may pro- 
duce iiijurious effects fipom the tannic add which it 
is liable to oontain. Alkaline substances will nwtral- 
ize this acid^ and prevent it fiom'beuig injurious. 

One great benefit resulting from the use of spent 
tan bark, is due to its power of absorbing moisture 
firom the atmosphere. For this reason it is very va- 
luable for muUMng^ young trees «nd plants when 
first set out. 



SIAWDUST. 

SutpdtMt in its natural state is of very little va- 
lue to the land, but when decomposed, as may be 
done by the same method aft was described for tan 
bark, it is of .some importance, aa it contains a large 
quantity of carbon. Its ash, too, which becomes 

* See-tJ]ke glossary a^t the wd, of the book. 

How maj bark be decomposedt 
. Why sbomd tan bark be eomposted wi& aa aUcali i 
Why ia it good foi; mulohij»^t 
1» sawdust of iny yalne t 



available, oontams soluble inoigaxiic matter, and in 
this way it acts &s a direct nwniiLre. ' So &r as con- 
cerns the value of the ash, however, the bark is su- 
perioir to sawdust. Sawdust saay be partlaUy lotted 
by nuzing it with strong n^tnupre (as hog manure), 
while it acts a^ a divisor^ and prevents the too ra-* 
pid action of this when applied to the soil Some 
kinds q£ sawdust, such as that from beech wood, 
fono aoetie aeid on their decomposition, and these 
fdkould be treated with^ at least, a sufficieiit quantity 
of Ub^ to eovxed the acid« 

8oG(f isa good HiiMiu]?e. It contains mudi carbon, 
and has, thus &r, all of thebi^eficial effects of char- 
coal di^st The sulphur, which is one of its consti- 
tuents, wt oi^ serv^ sa food for plants, but, from 
its odor,, is a good protection against some insecta 
By throwing a handM of soot on a melon vine, or 
youfig oabbage ptant, it will keep away many in- 
seQtSto^ 

Soot contains sonae ammonia, and 9a this is in 
the form of a avlphaie^ it is not volatile^ and conse- 
quently does not evaporate when the soot is applied 
as a top dressing, which is the almost universal cus- 
tom. 



Why is sawdust a good addition to thQ pigstye ? 

What is the peouliaritj of sawdust from the beeoh, etc. ? 

What la a pecoliaiitj of sootff . 

Why may soot be iised as a top dressing without losing its 

MUBftOBiat 
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GBEBN OBOPS. 

Oreen crops, to plough under, are in many places 
largely raised, and are always beneficial. The plants 
most used for this purpose, in our country, are clover, 
buckwheat, and peas. These plants have very long 
roots, which they send deep in the soil, to draw up 
mineral matter for their support. This mineral 
matter is deposited in the plant The leaves and 
roots receive carbonic acid very largely from the 
air, and fix>m water. In this manner they obtain 
their carbon. When the crop is turned under the 
soil, it decomposes, and the carbon, as well as the 
mineral ingredients obtained from the subsoil, axe 
deposited in the sur&ce soil, and become of use to 
succeeding crops. The hollow stalks of the buckr 
wheat and pea, serve as tubes, in the soil, for the 
passage of air, and thus, in heavy soils, give a much 
needed circulation of atmospheric fertilizers. 

Although green crops are of great benefit, and 
are managed with little labor, there is no doubt but 
the same results may be more economically produced. 
A few loads of prepared muck will do more towards 
increasijQg the organic matter in the soil, than a very 
heavy crop of clover, while it would be ready for 
Immediate cultivation, instead of having to lie idle 



Wliat plants are most used as green crops ? 

What office is performed by the roots of ffreen crops? 

How do fluch manures inorease the organic matter of loilaff 



during tlie year required in the production and de- 
composition of the green crc^. The effect of the 
roots penetrating the subsoil is, as we have seen, to 
draw up inorganic matter, to be deposited within 
reach of the roots of future crops. In the next sec- 
tion we shall show that this end may be much more 
efficiently attained by the use of the subsoil plow, 
which makes a passage for the roots into the subsoil^ 
where they can obtain for themselves what would, in 
the other case, be brought up for them by the roots 
of the green crop. 

The offices of the hollow straws may be performed 
by a system of ridging and back furrowing, having 
previously covered the soil with leaves, or other refuse 
organic material 

In high farming^ where the object of the cul- 
tivator is to make a profitable investment of la-^ 
bor, these last named methods will be found most 
ezii^eot ', but, if. the &nner have a laige quantity 
of land, and can afford but a Umited amount of la- 
bor, the rdsing of green crops, to be plowed under 
in the fall, will probably be adopted. 

Before dosing this chapter, it may be well to re- 
mark that there are various other fertilizers, such as 



Wliat •office is perfonned by thd straw of the buckwheat and 

pea! 

What treatment may be subatitated foi* the use of green orop^t 

Which course shoula be adopted in hi^h farming I 

Why is the use of 'green crops preferable in ordinary cultiya-' 

tionf 

Name soma other yaluable manures. 
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the ammoniacal liqtior of gas-homeSy aoapera' wasies^ 
lleaohere^ lye, lees of old oU casks, etc., which we 
have not space to consider at length, but which are 
all valoable as additions to the compost heap, or as 
applications, in a Uquid form, to the soiL 

In many cases (when heavy manuring is prac- 
tised), it may be well to apply organic manures to 
•the soil in a green state, turn them imder, and allow 
them to undergo decomposition in the ground. The 
advantages of this system are, that the Aea^, result- 
ing from the chemical changes, will hasten the growth 
of plants, by mating the soil warmer ; the carbonic 
acid formed will be presented to the roots instead of 
escaping into the atmosphere ; and if the soil be 
heavy, the rising of the gases will tend to loosen it, 
and the leaving vacant of the spaces occupied by the 
solid matters will, on their being resolved into gases, 
render the soU of a more porous character. As a 
general rule, however, in ordinary farming, where the 
amount of manure applied is only sufficient for the 
supply of food to the crop, it is undoubtedly better 
to have it previously decomposed — cooked its it were, 
for the uses of the plants — ^as they can then obtain 
the required amount of nutriment as fiist as needed. 

What are the advantages arising from barying mannre in its 
green state f 

Which is generally preferable, this oonrse^ or oompoatingt 
Why! 
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ABSORPTION OF MOISTUBE. 

It iH often convenient to know the relative power 
of different manures to absorb moisture from the 
atmosphere, especially when we wish to manure 
lands that suffer from droughf. The following re- 
sults are given by C. W. Johnson, in his essay, on 
salt, (pp. 8 and 19). In thesia experiments the ani- 
mal manures were employed without any admixture 
of straw. 

PARTS 

1000 parts of horse dung, dried in a tempera- 
ture of 100°, absorbed by expo- 
sure for three hours, to air saturated 
with moisture, of the temperature of 
62° 145 

1000 parts of cow dung, under the same cir- 





cnmstaQcefl, absorbed 


130 


1000 parts 


1 pig dung 


, 120 


1000 « 


sheep " 


81 


1000 « 


pigeon " 


50 


1000 « 


rich alluTial soil 


14 


1000 " 


j&esb tanner's bark 


115 


1000 " 


pntrified " 


145' 


1000 " 


refose marine salt sold 


as manure 49^ 


1000 " 


soot 


36 


1000 « 


burnt daj 


29 


1000 « 


coal ashes 


14 


1000 « 


lime 


11 
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PARTa 

1000 parts sediment from salt paD6 / 10 

1000 " crashed rock salt 10 

1000 '* gypsum 9 

1000 " salt 4* 

Muck is a most excellent absorbent of mcosture, 
when thoroughly decomposed. 



DISTBIBUTION OF KAKUBES. 

The following table from Johnson^ on manmeii, 
will be found cony^ent in the dutzibution of man- 
nuras. 

By its assistance the fiumer will know how 
many loads of manure he requires, dividing eiSeh 
load into a stated number of heaps, and pladng 
them at certain distances. In this manner manure 
may be applied evenly, and caldulation may be made 
as to the amount, per acre, which a certain quantity 
wiU siq)ply.t 

* Working Farmer, voL 1, p. 55. 

f It IB not neciessarj that this and the foregoing table should 
be learned by the Bcholar, but they will be found valuable for ref- 
erence by the &nner. 
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OF 


vmauDi Qv HXAP8 or ▲ loaxk. 






THXHXAP8. 


1 


2 

269 


8 
179 


4 
134 


6 
108 


6 


7 


8 


9 

60 


10 


8 yards. . . 


538 


894 


77 


67 


64 


8^ do. . . 


896 


168 


132 


99 


79 


66 


664 


494 


44 


894 


4 da . . 


808 


161 


101 


1H 


604 


604 


484 


87* 


834 


80* 


4i da . . 


289 


120 


794 


60 


47f 


89f 


844 


80 


264 


24 


6 do. . . 


194 


97 


644 


484 


88i 


824 


27* 


244 


214 


19* 


fii da . . 


160 


80 


634 


40 


32 


26* 


22* 


20 


m 


16 


6 do. . . 


181 


67, 


Ui 


88i 


27 


224 


194 


16* 


16 


134 


6i da . . 


116 


m 


884 


281 


28 


19 


16* 


144 


m 


11+ 


7 do. . . 


99 


49i 


88 


241 


19i 


164 


14 


124 


11 


10 


74 da . . 


86 


48 


28) 


214 


IH 


14* 


124 


10* 


94 


84 


8 da . . 


m 


87| 


264 


19 


15* 


124 


10* 


94 


84 


H 


84 da . . 


67 


834 


224 


16* 


184 


114 


H 


84 


n 


e* 


9 da . . 


60 


80 


20 


16 


12 


10 


84 


T* 


H 


6 


9i da . .. 


631 


26} 


18 


184 


lOf 


9 


n 


6* 


6 


54 


10 do. . . 


48* 


24i 16il 12 1 9f| 


8 7 1 


6 


54 


4* 



JSzampU 1. — ^Required, the number of loads necessarj to ma- 
nure an acre*of groond, diyiding each load into six heaps, and 
placing them at a distance of 44 yards from each other f The an- 
swer by the table is 89*. 

Example 2. — A farmer has a field containing 64- acres, oyer 
which he wishes to spread 82 loads of dung. Now 82 divided by 
64k gives 16 loada per aere ; and by referring to the table, it will 
be seen that tiie desired objeoi may be accomplished, by making 
4 heaps of a load, and placing them 9 yards apart, or by 9 heaps 
at 6 yardfl^ as may be thought advisable. 
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CHAPTER Vni. 



MINERAL MANURES. 

The seooiad daaB of mamuos named in && gene* 
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ral division of the fmbject, in the early part of this 
chapter, comprises those of a mineral charact^, or 
iri&rganic manures. 

These manures have four kinds of action when 
applied to the soil. 

Ist. They frimish food for the inorganic part of 
plants. 

2d. They prepare matters already in the soil, for 
assimilation by roots. 

3d. They improve the mechanical condition of 
the soil. 

4th. They absorb ammonia. 

Some of the mineral manures produce in the soil 
only one of these effects, and others are efficient in 
two or all of them. 

The principles to be considered in the use of 
mineral manures are essentially given in the jSrst 
two sections of this book. It may be well, however, 
to repeat them briefly in this connection, and to give 
the recLSona why any of these manures are needed, 
from wUeh we may learn what rules are to be ob- 
served in their application. 

1st. Thode which are used as food by plants. It 
will be recollected that the ash left after burning 
plants, and which formed a part of their structures, 
has a certain chemical composition ; that is, it con- 
sists of alkalies, acids, and neutrals. It was also 
'■ I ,11 -i ■ ■ I ■■ ■ 

Hov many kinds of action have inorganic mannres t ' 

What is the first of these f The secood t Third f Fourth ? 
Do all mineral manures possets all of these qnalitiest 
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Btat^ that the ashes of plaats of the same kmd are 
always of about the same composition, while the 
ashes of different kinds of plants may vary materially. 
Different parts of the same plant too, as we learned, 
are supplied with different kinds of ash. 

For instance, dover, on being bnmed, leaves 
an ash containing lime^ as one of its principal in- 
gredients, while the ash oi potatoes contains more of 
potaah than of any thing else. 

In*the second section (on soils), we learned that 
some soils contain every thing necessary to make the 
ashes of all plants, and in sofficient quantity to sup- 
ply what is required, while other soils are either 
entirely deficient in one or more ingredients, or con- 
tain so little of them that they are unfertile for cer- 
tain plants. 

From this, we see that we may pursue either one 
of two courses. After we know the e::^act composi- 
tion of the soil — ^which we can learn only from cor- 
rect analyHiB-we may manure it with a view.either 
to making it fertile for all kinds of plants •r only for 
one particular plant. For instance, we ntiay find 
that a soil contains a very little phosphoric acid, and 
no potash. If we wish to raise potatoes on such a 
soil, we have only to apply potash (if the soil is good 



Relate what jon know of tilie propetties of vegetable ashes f . 
How does this relate to the fertility of the soil I 
AcQording to what two rules may we apply mineral manures I 
What course would you pursue to raise potatoes on a soil con- 
taining a very little phosphoric acid and no potash f 
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in other particTilars), which is largely required by this 
plant, though it needs but little phosphoric acid ; 
while, if we wish to make it fertile for wheat, and all 
other plants, we must apply more phosphoric acid 
as well as postash. As a universal rule, it may 
be stated that to render a soil fertile for any par- 
ticular plant, we must supply it (unless it already 
contains them) with those matters which are neces- 
sary to make the ash of that plant ; and, if we would 
render it capable of producing aU kinds of plants, it 
must be furnished with the materials required in the 
formation of ail kinds of vegetable ashes. 

It is not absolutely necessary to have the soil 
analyzed before it can be cultivated with success, 
but it is the cheapest way. 

We might proceed from an analysis of the plant 
required ^which will be found in Section V.), and 
apply to the soil in the form of manure every thing 
that is necessary for the formation of the ash of 
that plant. This would give a good crop on any 
soil that w4s in the proper mechanical condition, and 
contained enough organic matter ; but a moment's 
reflection wiH show that, if the soil contained a large 
amount of potash, or of phosphate of lime, it would 
not be necessary to make an application of more of 
these ingredients — at an expense of perhaps three 
times the cost of an analysis. It is true that, if the 



tVould you manure it in the same way for wheatf 
Why! 
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crop is sold^ and it kdeflired to maintain thefertility 
• of {he soil, the fnll amount of the ash most beapplied, 
either before or after the crop is grown ; bat, in the 
ordinary use of crops for feeding purposes, a laige 
part of the ash will exist in the excrements of the 
animals ; so that the judicious fiumer will be able to 
manure his land with more economy than if he had 
to apply to each crop the whole amount and variety 
required for its ash. The best rule for practical 
manuring is probably to strengthen the aoU in its 
ioec^oer pointSj and prevent the stronger ones Jrom 
becoming weaker. In this way, the soil may be 
raised to the highest state of fertility, and be fully 
maintained in its productive power& 

2d. Those manures which render available mat- 
tejr already contained in the soil. 

Silica- (or sand), it will be recollected, exists in 
aU soils ; but, in its pure state, is not capable of 
being dissolved, and therefore cannot be used by 
plants. The alkalies (as has been stated), have the 
power of comlaning with this silica, making com- 
pounds, which are called sUicaiteB* These are 
readily dissolved by water, and are available in vege- 
table growth. Now, if a soil is deficient in these 
soluble silicates, it is well known that grain, etc,, 



How is the fertiiity of the soil to be maintained, if the erops 
are toldf 

What rale is giTen |br genenl treatment f 

Give an iostanoe of matters in the soil th«t are to be rendered 
AYailable by mineral manures f 
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grown on it, not heSng aUe to obtain the nutteriai 
which gives them strength, will fall down or lodge ; but^ 
if such measures be taken, as will render the sand 
soluble, the straw will be sl3X>ng and healthy. Alkalies 
used for this purpose, come under the head of those 
manures which develope th^ natural resources of the 
soil. 

Again, much of the mineral matter in the soil is 
combined wiijiin particles, and is therefore out of the 
reach of roots. Lime, among other thing, has the 
effect of causing these particles to crumble and ex* 
pose their constituents to the demand of roots. 
Therefore, lime has for one of its offices the develop* 
ment of the fertilizing ingredients of the soiL 

3d. Those manures which improve the mechani- 
cal condition of the soil. 

The alkalies, in combining with sand, commence 
their action on the surfaces of the particles, and 
roughen them — rust them as it were. This roughen* 
ing of particles of the soil prevents them from moving 
among each other as easily as they do when 4hey are 
smooth, and thus keeps the soil from*^ being com- 
pacted by heavy rains, as it is liable to be in its na- 
tural condition. . In this way, the mechanical texture 
of the soil is improved. 

It has just been said that lime causes the pul- 

How may silica be developed ? 
How does lime affect soils containing coarse partidles t 
How do mineral manares sometimes improre the mechanical 
lextnre of the soil ? 



verization of the partides of the soil ; and thus, bgr 
maUng it finer^ improves its mechanical condition. 

Some mineral manures^ as plaster and salt^ have 
the power of absorbing moisture from the atmosphere ; 
and this is a mechanical improvement to dry soils. 

4th. Those mineral manures which have the 
power of absorbing ammonia. 

PlctsteTy chloride of lime, aitmina (clay), etc., 
are large absorbents of ammonia, whether arising 
from the fermentation of animal manures or washed 
down from the atmosphere'bj rains. Theammonia 
thus absorbed is of course very important in the 
vegetation of crops. 

Having now explained the reasons why mineral 
manures are necessary, and the manner in which 
they pi^uce their effects, we wHl proceed to examine 
the various deficiencies of soils and the character of 
many kinds of this class of fertOuera. 



CHAPTER EX. 

* 

BBFIOIENOISS OF SOILS, MEANS OF 
BESTOBATION, ETC. 

As will be seen by referring to the analyses of soils 



Nome some mineral manures whioh absorb ammonia? 



mm 



/ 



on p. 7d, they may be deficient in certaiii ingte* 
dients^ wliich it is the object of mineral manures to 
supply. These we will take up in order, and endea- 
Tor to show in a simple manner the beet means of 
mantling them in practical farming. 

ALKALIES. 
POTASH. 

Potash is often deficient in the soil. Its de- 
ficiency may have been caused in two ways. Either 
it may not have existed largely in the rock from 
which the soil was formed, and consequently is 
equally absent from the soil itself, or it may have 
once been present in sufficient quantities, aiid been 
darned away in crops, without being returned to the 
soil in the form of manure, until too little remains for 
the requirements of fertiKty. 

In either case, its absence may be accurately de^ 
•tected by a skilful chemist, and it may be supplied 
by the farmer in various ways. .Potash, as well as 
all of the other tinneral manures, is contained in 
the excrements of animals, but not (as is also the 
case with the others) in sufficient quantities to 
restore the proper balance to soils where it is largely 

Do all soils contain a sufficient amount of potash ? 
How may its deficiency have been caused f 
How may its absence be detected t 

Does barn-yard manure contain 'sufficient potash to supply itt 
deficiency in worn-out soiUf 
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deficient/ nor even to make up for what is yeaily 
removed with each crop, except that crop (or its 
equivalent) has been fed to such animals as return 
aU of the fertilizing constituents of their food in the 
form of manure, and this be all carefolly preserved 
and applied to the soil. In all other cases, it is ne- 
cessary to apply more potash than is contained in the 
excrements of animals. 

Unleached wood ashe^ is generally the most 
available soured from which to obtain this alkali 
The ashes of all kinds of wood contain potash (more 
or less according to the kind — see analysis section 
V.) If the ashes are leached, the potash is removed ; 
and, hence for the purpose of suplying it, they are 
worthless ; but unleached ashes are an excellent 
source from which to obtain it. They may be made 
into compost with muck, as directed in a previous 
chapter, or applied directly to the soil In either 
case the potash is available directly to the plant, or is 
capable of uniting with the silica in the soil to form 
silicate of potash. Neither potash nor any other 
alkali should ever be applied to animal manures 
unless in compost with an absorbent, ad they cause 
the anmionia to be thrown off and lost. 

Potash sparlingSy or the refuse of potash ware- 



What is generaUy the most ayailable source from which to ob 
tain this alkali f 

Will leached ashee answer tbe SMoe pucpotel 
How may ashes be used! 
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houses, is aa excellent manure for lands deficient in 
this constituent. 

Potash marl, such as is found in I^ew Jersey, 
contains a large proportion of potash, and is an ex* 
cellent application to soils requiring it. 

Feldspar y kaoUny and other minerals containing 
potash, are, in some localities, to be obtained in suf- 
ficient quantities to be UBedforonantmal purposes. 

.Oranite contains potash, and if it can be crushed 
(as is the case with some of the softer kinds,) it 
serves a very good purpose. 



SODA. 

« 
Sodaj the requirement of which is occasioned 

by the same causes as create a deficiency of potash, 
and aU of the other ingredients of Vegetable ashes, 
may be very readily supplied by the use of common 
salt (chloride of sodium), which consists of about one 
half sodium (the base of soda). The best way to 
use salt is in the lime and salt mixture, previously 
described, or as a direct application to the soil If 
too much salt be given to the soil it will kiU any 
plant. In small quantities, however, it is highly 
beneficial, and if six hushds per acre be sown broad- 
cast over the land, to be carried in by rains and dews, 

From what other tourees may potash he obtained f 

How maj we obtain soda! 

In what quantities should pure salt be applied to the soil V 
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a 

k will not only destroy many insects (grubs, wonns^ 
etc.), but will, after decomposing and becoming 
chlorine and soda, prove an excellent manure. Salt, 
even in quantities lai^e enough to denude the soil of 
all vegetation, is neyer permanently injurious. After 
the first year, it becomes resolved into its eonstitu* 
ents, and furnishes chlorine and soda to plants, with- 
out injuring them. One bushel of salt in each cord 
of compost will not only hasten the decomposition 
of the manures, but will kill all seeds and grubs — a 
very desirable ejSect. While small quantities of salt 
in a compost heap are beneficial, too much (as when 
applied to the soil) is positively injurious, as it ar- 
rests decomposition ; faicly jyicMea the manures, and 
prevents them from rotting. 

For asparagus, which is a- marine plant, salt is 
an excellent manure, and may be applied in almost 
unlimited quantities, t<;At% the plants are growing ^ 
if used after they have gone to top, it is injurious. 
Salt has been applied to asparagus beds in such quan- 
tities as to completely cover them, and with apparent 
benefit to the plants. Of course large doses of salt 
kill all weeds, and thus save labor and the iajury to 
the asparagus roots, which would result from their 
removal by hoeing. Salt may be used advantageously 
in any of the foregoing manners, but should always 
be applied with care. For ordinary farm purposes. 

If applied in lar^^e quantitiM wiU it produce permanent i^imrt 
In what quantities should salt be applied to eomposts I To 
asparagus f 
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it is tmcbtibtedl J most prafitaMB to use the salt with 
Kme^ and make it perform the double duty of assist^ 
iug in the decomposition of vegetable matter, and 
fertilizing the soil. 

Soda unites witb the sflica in the soil, and forms 
the valuable silicate of soda. 

Nitrate of soda, or cubical nitre, which is found 
in South America, consists of soda and nitric acid. 
It furnishes both soda and nitrogen to plants, and is 
an excellent malmre. 



LIMB. 

The subject of lime is one of most vital impor- 
tance to the farmer ; indeed, so varied are its modes 
of action and its effects, that some writers have given 
it credit for every thing good in the way of farming, 
and have gone so far as to say that all permanent 
improvement of agriculture must depend on the use 
of lime. Although this is far in excess of the truth 
(as lime cannot plow, nor drain, nor supply any thing 
but lime to the soil), its many beneficial effects de- 
mand for it the closest attention. 

As food for plants, lime is of considerable impor- 
tance. All plants contain lime — ^some of them in 
large quantities. It is an important constituent of 



What is generally the best w&y to tne «alkf 
What is nitrate of soda? 
What plants contain limef 



Btraw^ meadow hay, leaves of fircdt trees^ peas, beans, 
and turnips. It constitates more than one third of 
the ash of red clover. Many soils contain lime 
enough for the use of plants, in others it is deficient, 
and must be supplied artificially before they can pro- 
duce good crops of those plants of which lime is an 
important ingredient. The only way in which the 
exact quantity of lime in the soil can be ascertmnod 
is by Chemical analysis* However, the amount re- 
quired for the mere feeding plants is not large, 
(much less than one per cent.), but lime is often 
necessary for other purposes ; and setting aside, for 
the present, its feeding action, we will examine its 
various efiects on the mechanical and chemical con- 
dition of the soil. 

1. It corrects acidity (sourness). 

2. It hastens the decomposition of the organic 
matter in the soil. 

3. It causes the mineral particles of the soil to 
crumble. 

4. By prodilcing the above effects, it prepares 
the constituents of the soil for assimilation by plants. 

5. It is said to exhaust the soil, but it does so in a 
very desirable manner, the injurious effects of which 
may be easily avoided. 

1. The decomposition of oi^anic matter in the 

Do all soils contain enough lime for tihe use of plants t 
What amount is needed for this purpose I 
What is its first-named effect on the soil! 
Its second? Third? Fourth? Fifth? 
How are acids produced in the fioilt 
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soil^ often produces acids which makes the land %(mr^ 
and cause it to produce sorrel and other weeds, 
which interfere with the healthy growth of crops. 
Lime is an alkali^ and if applied to soils suffering 
from sourness, it wiU unite with the acids, and neu- 
tralize them, so that they will no longer be inju- 
rious* 

2. We have before stated that Ume is a^decom- 
posing agent, and hastens the rotting of muck and 
other organic matter. It has the same effect on the 
organic parts of the soil, and causes them to be re- 
solved into the gases and minerals of which they are 
formed. It has this effect, especially, on organic 
matters containing niJtrog&n,^ causing them to throw 
off ammonia ; consequently, it liberates this gas 
from the animal manures in the soU, 

3. Various inorganic compounds in the soil are 
so affected by lime, that they lose their power of 
holding together, and crumble, or are reduced to 
finer particles, while some of their constituents are 
rendered soluble. One way in which this is accom^ 
plished is by the action of the lime on the silica con^ 
tained in these compounds, forming the silicate of 
lime. This crumbling effect improves the mechani- 
cal as well as the chemical condition of the soil. 

4. We are now enabled to see how lime prepares 
the constituents of the soil for the use of plants. 



How does lime correct themt 

How does it affect auimal manures in the soilt 
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By its action on the roots, buried stubble, and 
other organic matter in the soil, it causes them to 
be decomposed, and to give up many of their gaseous 
and inoi^anic ccnistituents for the use of roots. In 
this manner the organic matter is prepared for use 
more rapidly than would be the case, if there were 
no lime present to hasten its decomposition. 

'By the decomposing action of lime on the mine- 
ral parts of the soil (3), they also are placed more 
rapidly in a useftd c(»idition than would be the case, 
if their preparation depended on the slow action of at 
mospheric influences. 

Thus, we see that lime, aside from its use directly 
as food for plants, exerts a beneficial influence on 
both the oiganio and inorganic parts of the soil 

5. Many contend that lime exhausts the soil 

If we examine the manner in which it does so, 
we shall see that this is no argument against its use. 

It exhausts the organic parts ^f the soil, by de* 
composing them, and resolving them into the gases 
and minerals of which they are composed. If the 
soil do not contain a sufficient quantity of absorbent 
matter, such as clay or charcoal, the gases arising 
firom the oiganic matter are liable to escape ; but 
when there is a sufficient amount of these substances 
present (as there always should be), these gases are 

Inoi^anic oomponnds t 

How does lime prepare the oonstitiieiits of the boU for luef 
What can you say of the remark that liin(8 ^zhanstB the orgum 
vatter inthesoilf 
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all retained until teqtured hyths roots of planta 
Hence, although the ot^nic matter o£ manure and 
vegetable substances may be ofterecf in fomiy by 
the use of lime, it can escape (except in very poor 
soils) only as it is taken up by roots to feed the 
crop, and such exhaustion is certaiidy profitable; 
still, in order that the fertility of the soil may be 
maintained^ enor^h of oi^mc manure should be 
applied, to make up for the amount taken from the 
soil by the crop, after liberation for its use by the 
action of the lime. This will be but a small propor- 
tion of the oiganic matter contained in the crop, as 
it obtains the larger part from the atmosphere. 

The only way in which lime can exhaust the in«* 
organic part of the soil is, by altering its condition^ 
so that plants can use it more readily. That is, it 
exposes it for solution in water. We naTe seen that 
fertilizing matter cannot be leached out of a good 
soil, in any material quantity, but can only be car- 
ried down to a depth of about thirty-^four inches. 
Hence, we see that there can be no loss in this di* 
rection ; and, as inorganic matter cannot evaporate 
from the soil, the only way in which it can escape 
is through the structure of plants. 

If lime is applied to the soil> and increases the 
amount of crops grown by furnishing a larger supply 
of inorganic matter, of course, the removal c£ inor- 



fiow 6aii lime ezhfttitit tli« mitt^ml parts of tbe soil I 
Must the matter taken away be returned to tlie Mil t 
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ganic subetances from the soO wQl be more rapid 
than when onlj a small amount of crop is grown, 
and the soil will be sooner exhausted — not by the 
lime, but by the plants. In order to make up for 
this exhaustion, it is necessary that a sufficient 
amount of inorganic matter be supplied to com- 
pensate for the increased quantity taken away by 
plants* 

Thus we see, that it is hardly fair to accuse the 
lime of exhausting the soil, when it only improves its 
character, and increases the amount of its yield. It 
is the crop that takes away the fertility of the soil 
(the same as would be the case if no lime were used, 
only faster as the crop is larger), and in all judicious 
cultivation, this loss will be folly compensated by the 
appHcation of manures, thereby preventing the exr 
haustion of the soil 

Kind (f lime to be U9ecL . The first consideraticm 
in j»x)curing lime for manuring land, is to select that 
which contains but little, if any magMiBia, Nearly 
all stone lime contains more or less of this, but some 
kinds contain more than others. When magnesia 
is applied to the soil, in too lazge quantities, it k 
positively injurious to plants, and great care is nece*- 
sary in making selection. As a general i*ule, it may 

If this oonne be pnianed, wiU the soil suffer from the Tise of 
timet 

Is it the lime, <v its crop^ that egduttwts the «oilf 
Is Ume eontaining magnesia better t)ia,n pnre lixn^i 
What is the best kiodW lima t 
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be stated^ that the best plastering lime makes the' 
best manure. Such kinds only shonld be nsed as 
are known from experiment not to be injurious. 

Shell lime is undoubtedly the best of all, for it 
contains no magnesia, and it does contain a small 
quantity of phosphate of lime. In the vicinity of 
the sea^coast, and near the lines of railroads, oyster 
shells, clam shells, etc., can be cheaply procured. 
These may be prepared fi>r use in the same manner 
as stone lime.^ 

The preparation of ^AeZtmeisdone by first burn- 
ing and then slaking, or by putting it directly on 
the land, in an unslaked condition, after its having 
been burned. Shells are sometimes ground, and 
used without burning; this is hardly advisable, as 
they cannot be made so fine as by burning and slak- 
ing. As was stated in the first section 6f this book, 
lime usually exists, in nature, in the form of carbon- 
ate of lime, as limestone, chalk, or marble (being 
lime and carbonic acid combined), and when this is 
burned, the carbonic acid is thrown off, leaving the 
lime in a pure or canstic form. This is called burn- 
ed lime, quick-lime, lime shells, hot lime, etc. If 

* Marl is earth containing^ lime, but its use is not to be recom- 
mended in this country, except where it can be obtained at little 
cost, as the expenses of carting the earth would often be more than 
the value of the litMs 

« 

Is the purchase of marl to be recommended f 
How is lime prepared for use t (Note.) 
0«ioiib6 the buraiiig and slalring of Ume. 
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the proper quantity of water be poured on it, it is 
immediately taken np by the lime, which falls into 
a dry powder, called dcJced lime. If quicklime 
were lefb exposed to the weather, it would absorb 
moisture from the atmosphere, and become what is 
termed air slaked. 

When slaked lime (consisting of lime and water) 
is exposed to the atmosphere, it absorbs carbonic 
acid, and becomes carbonate of lime again ; but it is 
now in the form of a very fine powder, and is much 
more useful than when in the stone. 

If quick-lime is applied directly to the soil, it 
absorbs first moisture, and then carbonic acid, be- 
coming finally a powdered carbonate of lime. 

One ton of carbonate of lime contains llj cwt. 
of lime ; the remainder is carbonic acid. One ton 
of slaked lime obtains about 15 cwt. of lime ; the 
remainder is water. 

Hence we see that lime should b^ burned, and 
not slaked, before being transported, as it would be 
unprofitable to transport the large quantity of car- 
bonia acid and water contained in carbonate of lime 
and slaked lime. The quick-lime may be slaked, 



What is air slaking? 

If slaked lime l)e exposed to the air, what change does it un* 
dergo? 

What is the object of slaking limef 

How much oareonio acid is contained in a ton of carbonate of 
limet 

How much lime does a ton of slaked lime contain! 

What k the moft eoonomioal form for trimsportatimi 



md. carbqiiated a&ea: xeaehiiig ita deBtmation^ wtiber 
befoiie or alter beiBg applied to the land. 

As has been before statea, much is gained by 
slakiBg lime with salt tvaterj thus imitating the lime 
and soli mixture. Indeed in many cases^ it will be 
found profitable to use all lime in this way. Where 
a direct action on the inorganic matters contained in 
thp ami is desired, it may be well tc apply the lime 
directly in the form of quick-lime ; but, where the 
decomposition of the vegetable and animal cc^isti- 
tuents of the soil is desired, the correotion of aourfieaa, 
or the supplying of Ume to the crop, tKe mixture 
with salt would be advisable. 

The amotmt of Ume required by plants is, em was 
before observed, usually small compared with the 
whole amount contained in the soil ; still it is not un- 
important. 

25 bus. of wheat contain about 

26 * " barley " 
25 " oats " 

2 tons of turnips 

2 " potatoes 

2 " red clover " 

2 " rye grass " du " ^ 

* The straw producing the grain, and the turnip and potato 
topB contain more lime than Uie grain and roots. 
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What is t.he best form for immediate action on the inoi|^e 
matter in thie «oiif 

^or QMat othar purpoMsl 
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The amomit of lime required at each application, 
and the frequency of those applicpiions, must depend 
on the chemical and mechanical tsondition of the soil. 
No exact rule can be given, font probably the custom 
of each district — regulated by long experience — ^is 
the best guide. 

Lime sinks in the soU; and therefore, when 
used alone, should always be applied as a top dressing 
to be carried into the soil }yy rains. The tendency of 
lime to settle is so great that, when cutting drains, 
it may often be observed in a whitish streak on the 
top of the subsoil. After heavy doses of lime have 
been given to the soil, and have settled so as to have 
apparently ceased from their action, they may be 
brought up and mixed with the soil by deeper plowing. 

Lime ikould never he mioced with animal momures^ 
unless in compost with muck, or some other good 
absorbent, as it is liable to cause the escape of their 
ammoAia. 

PLASTER OF PARIS. 

Plaster of Paris or Gypsum (sulphate of lime) 
is composed of sulphuric acid and lime in combina- 
tion. It is called 'plaster of Pari«,' because it con- 
etitutes the rock underlying the city of Paris. 

What is the beat guide concerning the quantity of lime to be 
applied ? 

What is said of the sinking of lime in the soil f 
What is plfl&ter of Paris composed off 
Why it it oalled plastof of Paris f 

8 
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It is'a constitneiit of many plants. It also fior- 
nisbes them with sulphur— « constitaent of the sal* 
phxiric add which it contains. 

It is an excellent absorbent of ammonia, and is 
veiy nseful to sprinkle aronnd stables, poultry houses, 
pig-styes, and privies, where it absorbs the escap- 
ing gases, saving them for the use of plants, and 
purifying the air, thus rendering stables, etc., more 
healthy than when not so supplied. 

It has been observed that the extravagant use 
of plaster sometimes induces the .growth of dorre?. 
This is probably the case only where the soil is 
deficient in lime. In such instances, the lime re- 
quired by plants is obtained by the decomposition of 
the plaster. The lime enters into the construction 
of the plant, and the sulphuric acid remains /ree, 
rendering the soil 8<ywr, and there&re in condttioa to 
produce sorrel. In such a case, an application of 
Zime will correct the acid by uniting with it and con- 
verting it intojpZcw^er. 

, CHLOBIDE OF LIHS. 

Chloride of Unie is a compound of lime and 
chlorine. It ftirnishes both of these constituents to 
plants, and it is an excellent absorbent of ammonia 

Ib it a constituent of plants ? 
What else does it f omisli them f 
How does it affect manure f 
How does it produce sorrel in the soil t 
vHaw may the aeidity he oyeroomet* 
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taxi other gases aiudngfiom decomposition — hence 
its usefulness in destroying bad odors, and in pre- 
serving fertilizing matters for the use of crops. 

It may be used like plaster, or in the decomposi* 
tion of oiganic matters, where it not only hastens 
decay, but absorbs and retains the escaping gases. 
It will be recollected that chloride of lime is one of 
the products of the Ufne and salt mixture. 

Inme in combination with phosphorite add forms 
the valuable phosphate of Urns, of which so laige a 
portion of the ash of grain, and the bones of animals, 
is formed. This will be spoken of more at length 
ifnder the head of * phosphoric ^cid.' 



MAGNESIA. 

Magnesia is a constituent of vegetable ashes, and 
is almost always present in the soil in sufficient 
quantities.. When analysis indicates that it is 
needed, it may be applied in the form of magnesian 
lim^j or refuse epsom saitSy which are composed of 
sulphuric acid and magnesia (sulphate of magnesia). 

The great care necessary concerning the use of 
magnesia is, not to apply too much of it, it being, 



What does chloride of lime supply to plants ? 

How does it affect manures? 

How may it be used 9 

How may magnesia be supplied, when wanting f 

What tare is n^oessary ocmoenuiig tho qae of mflgaMiat 
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wben in ezcees, as has been preyionsly remazkBd, in* 
jmious to the fertility of the soil. Some soils are, 
hopelessly banen from the &ct that they contain too 
much magnesia. 

AOIDB. 



• 



/ 



SULFHUBIO AOID. 



Sulphuric acid is a very important constituent 
of vegetable ashes, especially of oats and the root- 
crops. 

It is often deficient in the soil, particularly where 
potatoes have been long cultivated. One cf the 
reasons v^lij plaMer (sulphate of lime) is so beneficial 
to the potato crop is undoubtedly that it supplies it 
with sulphuric acid. 

Sulphuric acid is commonly known by the name 
oioU vitriol^ and may be purchased for agricultural 
purposes at a low price. It may be used in a very 
dilute form (weakened by mixing it with a large 
quantity of water) to the compost heap, where it 
will change the ammonia to a sulphate as soon as 
formed; and thus prevent its loss, as the sulphate of 
ammonia is not volatile ; and, being soluble in water, 
is useful to plants. Some idea of the value of this 
compound may be formed from the fact that manufac- 

What IB sulphario add eoxmnonly called ? 

How may it be used f 

How does it prevent the efleape of ammonia I 



'X 
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tmers of manures are ivilling to pay seyen cents per 
lb;, or even more, for sulphate of ammonia, to insure 
the success of their fertilizers. Notwithstanding this, 
many farmers persist in throwing away hundreds of 
poundff of ammonia every year, as a tax for their igno^ 
ranee (or indolence), while a small tax in money — ^not 
more valuable, nor more necessary to their success — 
for the support of common .schools, and the better ed- 
ucation of the young, is too often unwillingly paid. 

If a tumbler fuU. of sulphuric acid (costing a 
few cents), be thrown into the tafik of the compost 
heap once a month, the benefit to the manure would 
be very great. 

Where a deficiency of sulphuric acid in the soil 
is indicated by analysis, it may be supplied in this 
way, or by the use of plaster or refuse epsom salts. 

Care is necessajy that too much sulphuric acid 
be not used, as it would prevent the proper decom- 
position of manures, and would induce a growth of. 
sorrel in the soil by making it sowr. 

In many instances, it will be found profitable to 
use sulphuric acid in the manufacture of super-phos- 
phate of lime (as directed under the head of ^ phos- 
phoric acid,') thus mating it perform the double 
purpose of prepaxing an available form of phosphate, 
and of supplying sulphur and sulphuric acid to the 
plant. 

What ii the effect of uamg too mnoh Bolphtiric acid t 



174 MAKUBXS. 



PHOSPHOBIO ACID. 

We come now to tlie consideration of one of the 
most important of all subjects connected with agri- 
culture, that is, pTiosphoric add. 

Phosphoric add, forming about one half of the 
ashes of wheat, rye, com; buck-wheat, and oats ; 
nearly the same proportion of those of barley, peas, 
beans and linseed ; an important ingredient of the ashes 
of potatoes and turnips ; one quarter of the ash of 
milk and a large proportion of the bones of animals, 
often exists in the soil in the proportion of only about 
one or two pounds in a thousand. The cultivation 
of our whole country has been such, as to take away 
the phosphoric acid from the soil without returning 
it, except in very minute quantities. Every hundred 
bushels of wheat sold contains (and removes perma- 
nently from the soil) aix)ut siocty pounds of phospho« 
ric acid. Other grains, as well as the root crops and 
grasses, remove likewise a large quantity of it. It has 
been said by a cotemporary writer, that for each 
cow kept on a pasture through the smnmer, there is 
carried off in veal, butter and cheese, not less thssij^ 
lbs. of phosphate of lime (bone-earth) on an average. 



How large a part of tlie ashes of grain consists of phosphorio 
aoidf 

Of what other substanoes does it form a leading in^^redientt 
How many pounds of snlphuric acid are contained in one hun- 
dred bushels of wheat! 
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This woiild be one thousand lbs. fer twenty cows ; 
and it showB clearly why old dairy pastures become 
so exhausted of this substance^ that they will no 
longer produce those nutritious grasses, which are 
favorable to butter and cheese-making. 

That this removal of the most valuable consti- 
tuent of the soil; has been the cause of more ex- 
' haustion of fitrms, and more emigration, in search 
of fertile districts, than any other single effect of 
ijgudicious fimning, is a fact which multiplied in- 
stances most clearly prove. 

It is stated that the Genesee and Mohawk 
valleys, which once produced an average of thirty- 
five or forty hvshela of wheat, per acre, have since 
been reduced, in their average production, nineteen 
" and a hcdf bushels. Hundreds of similar cases 
might be stated ; and in a large majority of these, 
could the cause of the impoverishment be ascertain- 
ed, it would be found to be the removal of the phos- 
phoric acid from the soiL 

The evident tendency of cultivation being to 
continue this murderous system, and to prey upon 
the vital strength of the country, it is necessaiy to 
take such measures as will arrest the outflow of this 
valuable material. This can never be fully accom- 
plished until laws shall be made preventing the wastes 

How much phosphate of lime wiU twenty cows remove from a 

pasture during a summer f 

What has this removal of phosphate of lime occaeionedf 
How have the Genesee and Mohawk valleyB been affeeted bj 

ttkifl removal of phosphoric aoidt 
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of cities and towns. Such ktwe have ezistdd fof a 
lox^ time in China^ and have doubtlessly been the 
secret of the long subsistence and present prosperity 
of the millions of people inhabiting that country. 

We have, nevertheless, a means of restoring to 
fertility many of our worn-out lands, and preserving . 
our fertile fields from so rapid impoverishment as 
they are now suffering. Many suppose that soils 
which produce good cropB, year after year, are inex- 
haustible, but time will prove to the contrary. They 
may possess a sufficiently large stock of phosphoric 
acid, and other constituents of plants, to last a long 
time, but when that stock becomes so reduced, that 
there is not enough left for the uses of full crops, the 
productive power of the soil will yearly decrease, un- 
til it becomes worthless. It may last a long time, 
a century, or even more, but as long as the system 
is — ^to remove every thing j arkd return nothing^ — ^the 
&te of the most fertile soil is evident. 

The source mentioned, fix)m which to obtain 
phosphoric acid, is the bones of animals. These 
contain large quantities of phosphaJ^ of lime. They 
are the receptacles which coUect nearly all of the 
phosphates in. crops^ which are fed to . animals, and 
are not returned in their excrements. For the grain, 
etc., sent out of the country, there is no way to be 



How may this deyastation be arrested? 
Is any soil inexhaustible i 

What is QsuaUj the best soiuroe from yhich to obtain phoephoric 
add! 
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lepaid except by the importation of this material ; 
but, all that is fed to animals, or to hnman beings^ 
may, if a proper use be made of their excrement, and 
of their bones after death, be returned to the soiL 
With the treatment of animal excrements we are al- 
ready £similiar, and we will now turn our attention to 
the subject of 



BONES. 

Bones consist, when dried, of about one third or- 
ganic matter, and two thirds inorganic matter. 

The organic matter consists chiefly of gelatine — 
a compound containing nitrogen. 

The inorganic part is chiefly phosphate of lime. 

Hence, we see that bones are excellent, both as 
organic and mineral manure. TLe organic part, 
containing nitrogen, formiS ammonia-y and the inor- 
ganic part supplies the much needed phosphoric add 
to the soil. 

Liebig says that, as a producer of ammonia, 100 
lbs. of dry bones are equivalent to 250 lbs. of human 
urine. 

Bones are applied to the soil in almost every con- 
ceivable form. Whole hones are often used in very 



Of what do dried bones consist ? 

What is the organic matter of bones t 

The inorganic? 

What can you say of the aie of whole bones? 

8* 
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large quantities ; their action, liowevBr, is extreiinfify 
slow, and it is never advisable to use bones in tiiis 
form. 

Ten bushels of bones, finely ground, .will produce 
larger results, during the current ten years after ap- 
plication, than would ensue fiom the use of one 
hundred bushels merely broken, not because the dust 
contains more fertilizing matter than the whole 
bones, but because that which it does contain is in a 
much more available condition. It ferments readily, 
and produces ammonia, while the ashy parts are ex- 
posed to the action of roots. 

Son&'black. If bones are burned in retorts, or 
otherwise protected from the atmosphere, their or- 
ganic matter will all be driven off, except the carbon, 
which not being supplied with oxygen cannot escape. 
In this form bones are called ivory blacky or bone- 
black. It consists of the inorganic matter, and the 
carbon of the bones. The nitrogen having been ex- 
pelled it can make no ammonia, and thus far the 
original value of bones is reduced by burning ; that 
is, one ton of bones contains, more fertilizing mat- 
ter before, than after burning ; but one ton of bone 
black is more valuable than one ton of raw bones, 
as the carbon is retained in a good form to act as an 



How does tbe value of bone dust compare with that of broken 
Hones ? 

What is the reason of the superiority of bone dostt 
How is bone-blaek made? 
Of what does it eonsistf 
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airaoTbent in the fioil, while the whole may he crush* 
ed or grotmd much more easily than before being 
burned. This means of pulverizing bones is adopted 
by manufacturers, who replace the ammonia in the 
form of guano, or otherwise ; but it is not to be re- 
commended for the use of &rmers, who should not 
lose the ammonia, forming a part of bones, more than 
that of other manure. 

Composting bones with ashes is a good means of 
securing their decomposition. They should be placed 
in a water-tight vessel (such as a cask) ; first, three 
or four inches of bones, then the same quantity of 
strong unleached wood ashes, continuing these alter- 
nate layers until the cask is full, and keeping them 
always wet, K they become too dry they will throw 
dff an offensive odor, accompanied by the escape of 
ammoma, tad consequent loss of value. In about 
one year, the whole mass of bones (except, perhaps, 
those at the top) will be softened, so that they may 
be easily cruBhed, and they are in a good condition 
for^manuring. The ashes are, in themselves, valu- 
able, and this compost is excellent for many crops, 
particularly for Indian com. A little dilute sul- 
phuric acid, occasionally sprinkled on the upper part 
of the matter in the cask, will prevent the escape of 
the ammonia. 

Boding bones under pressurey whereby their gela- 

Should farmers bum bones before using them f 

How would you compost bones with ashes? 

In what way would you prevent the escape of amodoi^l 
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tine is diflsolved awaj, and the inoiganic matter left 
in an availabLe condition, from its softness, is a very 
good way of rendering them usefdl ; but, as it re« 
quires, among other things, a steam boiler, it is 
hardly probable th&t it will be largely adopted by 
farmers of limited means. 

Any or aU of these methods are good, but bones 
cannot be used with true economy, except by chang- 
ing their inoiganic matter into 



SUPBBrPHOSFHATE OF LIME. 

8uper-pho8phaJl;e of lime is made by treating 
phosphate of lime, or the ashes of bones, with svi- 
phuric add. 

Phosphate of lime, as it exists in bones, consists 
of one atom of phosphoric acid and three atoms of 
lime. It may be represented as 

C Lime 
Phosphoric acid < Lime 

(Lime 

By adding a proper quantity of sulphuric acid 

with this, it becomes fit^per-phosphate of lime ; that 

is, the same amount of phosphoric acid, with a 

smaller proportion of lime (or a dt^per-abundance of 



What IB the effect of boiling bones under pressure f 
How is super-phosphate of lime made t 

Describe the composition of phosphate of Ume^ and the chemical 
changes which take place in altering it to super^phosphate of lime^ 



Phosphate of lime 
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-pkoepbime add), the solphurio acid, takmg two 

atoms of lime away firom the compound, oombineB 

with it making sulphate of lime (plaster). The 

changes may be thus represented. ^ 

Phosphoric acid ) Super-phos^ 
Lime ^ ) phate of lime. 

Lime ^ 

^ Lime > Sulphate of lime. 
Sulphuric acid ) 

Super-phosphate of lime may be made firom whole 
bones, bone dust, bone-black, or from the pure ashes 
of bones. 

The process of making it from whole bones is 
slow and troublesome, as it requires a long time for 
the effect to diffuse itself through the whole mass of 
a large bone. When it is made in this way, the 
bones should be dry, and the acid should be diluted 
in many times its bulk of water, and should be apr 
plied to the bones (which may be placed in a suit- 
able cask, with a spiggot at the bottom), in quan- 
tities sufficient to cover them, about once in ten 
days ; and at the end of that time, one half of the 
liquid should be drawn off by the spiggot. This 
liquid is a solution qf super-phosphate of lime, con- 
taining sulphate of lime, and may be applied to the 
soil in a liquid form, or through the medium of a 
compost heap. The object of using so much water 
is to prevent an incrustation of sulphate of lime on 

How should snlphurio acid be applied to whole bones t 
What is the neeessity for so large an amount of water f 
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the sor&ces of the bones, this must be ^:emoved 
by stirring the mass, which allows the next applica^ 
tion of acid to act directly on the phosphate remain<- 
iog. The amount of acid required is about ^ or 
60 lbs. to each 100 lbs. of bones. The gdatine will 
remain after the phosphate is all dissolved, and may 
be composted with muck, or plowed under the soil, 
where it will form amtnonia. 

Bofnz dusty or crushed hones, may be much more 
easily changed to tHe desired condition, as the surface 
exposed is much greater, and the acid can act more 
generally throughout the whole mass. The amount 
of acid required is the same as in the other case, but 
it may be used stronger^ two or three times its bulk 
of water being sufficient, if the bones are finely 
ground or crushed — ^more or less water should be 
used according to the fineness of the bones. The time 
occupied will also be much less, and the result of the 
operation will be in better condition for manure. 

Bones may be made fine enough for this operation, 
either by grinding, etc., or by boiUng under pressure, 
as previously described ; indeed, by whatever method 
bones are pulverized, they should always be treated 
with sulphuric acid before being applied to the soil, 
as this will more than double their value for im- 
mediate use. 

Bone-black is chiefly used by manufacturers of 



Mi^ lees water be employed in maJdng siqiper-pho^phfttA from 
bone dnat or onuhed bones t » 
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saper-phoBpliate of lime, who treair it with acid tho 
same as has been directed above, only that they 
grind the black very finely before applying the 
acid. 

Bone ashes y or bones burned to whiteness, may be 
similarly treated. Indeed, in all of the forms of 
bones here described, the phosphaf e of lime remains 
unaltered, as it is indestructible by heat : the dif- 

organic constituents. 

The reason why super-phosphcste of lime is so 
m%ch better thin phosphaie, may be eadty explained. 
The phosphate is very slowly soluble in water, 
and consequently furnishes food to plants slowly. 
A piece of bone as large as a pea may lie in the soil 
for years without being all consumed ; consequently, 
it will be years before its value is returned, and it 
pays no interest on its cost whfle lying there. The 
super-phosphaie dissolves very rapidly and furnishes 
food for plants with equal &cility ; hence its much 
greater value as a manure. 

It is true that the phosphate is the most lasting 
manure ; but, onee for all, let us caution farmers 
against considering this a virtue in mineral manures, 
or in organic manures either, when used on soils con- 



What other fonns of bones may be used in making super-phos- 
phate of lime! 

Why is Bi3per>phosphate of lime a better fertilizer than pho» 
phate of limet 

What can you t^j of the laHing manure f 
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teinmg the proper absorbents of aoamosia. Thsif 
are lading , only ill proportion as they ace lassyM 
Manures are worthless unless they are in condition to 
be 'immediately used. The fanner who wishes his 
manures to lastia the soil, and to lose their use, may 
be justly compared with the misery who buries his 
gold and silver in the ground for the satisfaction of 
knowing Ihat he owns it. It is igi old and a true 
saying that ^^ a nimble sixpence is better than a slow 
shilling.'' 



IMPBOYED SXTFEB-PHOSPHATE OF LIME. 

To show the manner in which super-phosphate 
of lime is perfected, and rendered the best manure 
for general uses, which has yet been made, contain- 
ing large quantities of phosphoric acid and a good 
supply of ammonia, — ^hereby covering the two lead- 
ing deficiencies in a majority of soils, it may be well 
to explain the composition of the improved super- 
phosphate of lime invented by Prof. Mapes. 

This manure consists of the following ingredients 
in the proportions named :— 

100 lbs. bone-black (phosphate of lime and carbon), 
66 " sulphuric acid. 
36 " guano. 
20 " sulphate of ammonia. 

What are the ingredients of the improved Buper-phosphateof 
limef 



The salphmiG acid has the before-mentioiied 
effect on the bone-Uadc^ and fisGe% the ammonia <£ 
the goano by ohangin^ it to a sulphate. The tj^enty 
pounds of sulphate of ammonia added increase the 
amount, so as to furnish nitrogen to plants in suf- 
ficient quantities to give them energy, and induce 
tiiem to^ take up the super-phosphate of lime in the 
manure more jreadily than would be done, were there 
not a sufficient supply of ammmiia in the soiL 

The addition of the guano, which contains all of 
the elements of fertility, and many of them in con- 
siderable quantities, renders the manure of a more 
general character, and enables it to produce veiy 
large crops of almost any kind, while it assists in 
fortifying the 8(»1 m what is usual^ its weakest 
point — ^phosphoric acid. 

Prof. Mapes has more recently invented a new 
fertilizer called nitrogenized super-phosphate of lime, 
composed of the improved super-phosphate of lime 
and blood, dried and ground before mixture, in equal 
proportions. This manure, from its highly nitro- 
genous character, theoretically surpasses all others^ 
and probably will be found in practice to have great 
value ; its cost will be rather greater than guano. 

We understand its manufacture will shortly be 
commenced by a company now forming for that 
purpose. 



Elzplain the uses of these different constitaents. 
What is nitrogenized phosphate t 
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Many formers will find it expedient to putchAse 
bones, or bone dnst, and manufiEieture their own 
snper-rphosphate of lime ; others will prefer to pnr* 
chase the prepared manure. In doing so, it should 
be obtained of men of known respectability, as ma^ 
nures are easily adulterated with worthless matters ; 
and, as tiieir price is so high, that such decepticHi 
may occasion great loss. 

We would not recommend the application of any 
artificial manure, without first obtaining an analysis 
of the BoO, and knowing to a certadnty that the ma- 
nure is needed ; still, when no analycds has been pro- 
cured, it may be profitable to apply such manures 
as most generally produce good results — such as 
stable manure, night soU, the improved super- 
phosphate of lime ; or^ if this cannot be procured^ 
guano. 

NEUTBALS. 
SILIOA, 

Silica (or sand) always exists in the soil in suffi- 
cient quantities for the supply of food for plants ; but, 
as has been often stated in the preceding pages, not 
always in the proper condition. This subject has 
been so often explaiaed to the student of this book, 

What should be learned before purchasing amendments for the 
Boilf 

What do you know of sUioal 
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tliat it 10 onlyneoessaxy to lepeat here, that wiien the 
weakness of the straw or stalk of plants grown on 
any soil indicates an inabiUtj in that soil to supply 
the silicates required for strength, not more sand 
should be added, but alkalies^ to combine with the 
sand already contained in it, and make aohible mUr 
catea which are available to roots. 

Sand is often necessary to stiff days, as a mer 
chanuxd manure, to loosen their texture and render 
them easier of cultivation, and more &Yorable to the 
d^ribution of roots, and to the circulation of air 
and water. 

OHLOBDnB. 

C7A2onne, a necessary constituent of plants, and 
often deficient in the soil (as indicated by analysis), 
may be appUed in the fona of salt (chloride of 
flodium), or chloride of Kme. The fomer may be 
dissolyed in the water used to slake lime, and the 
latter may, with much advantage, be sprinkled around 
stables and other places where fertilizing gases are 
escaping, and, after being saturated with ammonia, 
applied to the soil, thus serving a double purpose. 



OXIDE t)F IBON. 

Nearly all soils contain sufficient quantities of 

How may ehloriiie be applied t 
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oa>ide cf^iranj or mm nut^ so thatilds substaacecaa 
hardly be leqnired as amanuie. 

Borne soils, however, contam the protoidde of 
iron in snch qnantitieB as to be injuiioiis to planter 
— see page 86. When this is the casej it is neces- 
sary to plow the soil thoroughly, and use such other 
mechanical means as shall render it open to the ad- 
mission of air. The ^otoxide of iron will then take 
up more oxygen, and beicome the peroidie — ^which 
is not only inoffensiye, but is absokitdy necessary to 
fertility. 

OXIDE OF MANGANESE. 

This can hardly be called an essential constituent , 
of plants, and is never taken into consideration in 
manuring lands. 



VABIOUS OTHEB HINEBAL HANUBES. 

LEACHED ASHES. 

Among the mineral manures which have not yet 
been mentioned — ^not coming strictly under any of 
the preceding heads, is the one known as Uacjied 
ashes. 

These are not without their benefits, though 
worth much less than unleached ashes, which, be* 

■ ■ I 11 . II III , ■ I ■ ; ■ I n I — 

How may the protoxide of iron be ohaoged to peroxide.t 
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«ideB the oonstituentB of those which have been 
leached^ contain much potash^ soda, etc. 

Farmers have generally overrated the value of 
leached ashes^ because they contain small quanti- 
ties of avculable phosphate of lime, and soluble sili- 
cates, in which most old soils are deficient. While 
we witness the good results ensuing from their ap- , 
plication, we should not forget that the fertilizing 
iagredients of thirty hushds of these ashes may be 
bought in a mpre convenient form for ten or ffteen 
centSy or for less than the cost of spreading the ashes 
on the soil. In many parts of Long Island farmers 
pay as much as eight or ten cents per bushel for this 
manure, and thousands of loads of leached ashes are 
taken to this locality from the river counties of New 
York, and even from the State of Maine, and are sold 
for many times their value, producing an effect which 
could be as well and much more cheaply obtained by 
the use of small quantities of super-phosphate of lime 
and potash. 

These ashes often contain a little charcoal (result- 
ing from the imperfect combustion of the wood), 
which acts as an absorbent of ammonia. 

It is sometimes observed that urUeached ashes. 



Why are leached ashes inferior to those that have not been 

leached? 

On what do the benefits of leached ashea depend f 

Can these ingredients be more cheaply obtained in another 

form? 

Why do unleaohed ashes, applied in the spring, sometimes cause 
grain to lodge f 
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when applied in the erprmg, cause giain to lodgei 
When this is the case^ as it seldom is, it may be in- 
ferred that the potash which they contain causes so 
rapid a growth, that the soil is not able to supply 
silicates as fast as they are required by the plants, 
but after the first year, the potash will have united 
with the silica in the soil, and overcome the diffi- 
culty. 

OLD MOBTAB. 

Old mortar is a valuable manure, because it con- 
taius nitrate of potash and other compounds of nitric 
acid with alkalies. . 

These are slowly formed in the mortar by the 
changing of the nitrogen of the hair (in the mortar) 
into nitric acid, and the union of this with the small 
quantities ofjpotashy or with the lime of the plaster. 
Nitrogen, presented in other forms, as ammonia, for 
instance, may be transformed into nitric acid, by 
uniting with the oxygen of the air, and this nitric 
acid combines immediately with the alkalies of the 
mortar.* 

The lime contained in the mortar may be- useful 
in the soil for the many purposes accomplished by 
other lime. 

* See Workmg Fanner, voL 2, p. 278. 
Whftt are the meet fertiliziiig ingrediente of old mortar t 






GAS HOUSE LIHE. 

Th^ r^uae lime of gas toorkSy where it can be 
cheaply obtained^ may be advantageonsly used as a 
manure. It consists^ chiefly^ of various compounds 
of solphur and Kme. It should be composted with 
earth or refuse matter, so as to expose it to the ac- 
tion of air. It should never be used fresh from 
the gas house. In a few months the sulphur will 
have united with the oxygen of the air, and become 
sulphuric acid, which unites with the lime and makes 
sulphate of lime (plaster), which form it must as- 
sume, before it is of much value. Having been 
used to purify gas made from coal, it contains a 
small quantity of ammonia, which adds to its value. 
It is considered a profitable manure in England, at 
the price there paid for it (forty cents a cartload), 
and, if of good quality, it may be worth double that 
sum, especially for soils deficient in plaster, or for - 
such crops as are much benefited by plaster. Its 
price ipust, cf course, be regulated somewhat by the 
price of*Ume, which constitutes a large proportion 
of its fertilizing parts. The offensive odor of this 
compound renders it a good protection against many 
insects. 

How may gasrhonse lime be prepared for use! 
Why should it not be used fresh from the gas house t 
On what do its fertilizing properties depend t 
What use may be made of itr offentire odor t 
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The lefiise liquor of gas works contains enough 
ammonia to make it a valuable manure. 



SOAPEBS' LEY AND BLEAGHEBS' LET« 

The reftise ley of soap ketones and bleaching estab- 
lishments contains greater or less quantities of solu- 
ble silicates and alkalies (especially soda and potash), 
^nd is a good addition to the tank of the compost 
heap, or it may be used directly as a liquid applica- 
tion to the soil. The soapers' ley, especially, will be 
found a good manure for lands on which grain lodges. 

Much of the benefit of this manure arises from 
the soluble silicates it contains, while its iuitrogenous 
matter,^ obtained from those parts of the fatty mat- 
ters which cannot be converted into soap, and con- 
sequently remains in this solution, forms a valuable 
addition. Heaps of soil saturated with this liquid 
in autumn, and subjected to the freezings of winter, 
form an admirable manure fpr spring use. Mr. 
Crane, near Newark (N. J.), has long used a mix- 
ture of spent ley and stable manure, applied in the 
fall to trenches plowed in the soil, and has been most 
successful in obtaining lai^e crops. 

♦ Glycerine^ etc. 

_ 

What use may be made of the refuse ley of aoap-makert and 
bleachers f 

What peculiar qualities does soapen' ley poasessf 
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IBBIGATION. 

Irrigoition does not come strictly under the head 
of inorganic manures, as it often supplies ammonia 
to the soil. Its chief value^ however, in most cases, 
must depend on the amount of mineral matter which 
it furnishes. 

The word ^^ irrigation'' means simply watering. 
In many districts water is in yarious ways made to 
ayerflow the land, and is removed when necessary i(x 
the purposes of cultivation. All river and spring 
water contains some impurities, many of which aw 
beneficial to vegetation* These are derived from the 
earth over, or through which, the water has passed, 
and^ ammonia absorbed from the atmosphere. When 
water is made to cover the earth, especially if its ra- 
pid motion be arrested^ much of this fertilizing mat- 
ter settles, and is deposited on the soil. The watei 
which sinks into the soil carries its impurities to be 
retained for the uses of plants. When, by the aid 
of under^lrains, or in open soils, the water passes 
through the soil, its impurities are arrested, and be- 
come available in vegetable growth. It is, of course, 
impossible to say exactly what kind of mineral mat- 
ter is supplied by water, as that depends on the kind 
of rock or soil from which the impurities are derived ; 

On what does the benefit arising fronurrigation ohiefly depend? 

What kind of water is best for irrigation f 

How do under-drains increase the benefits of irrigation f 

9 
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bnt^ whatever it may be, it is generally soluble and 
ready for immediate use by plants. 

Water which has rmi over the surface of the 
earth contains both ammonia and mineral matter, 
while that which has arisen out of the earth, con- 
tains usually only mineral matter. The direct use 
of the water of irrigation as a solvent for the min* 
eral ingredients of the soil, is one of its main bene* 
fits. 

•To describe the many modes of irrigation would 
be too long a task for our limited space. It may be 
applied in any way in which it is possible to cover 
the land with water, at stated times. Care is neces^ 
sary, however, that it do not wash more fertHisdng 
matter from the soil than it deposits on it, as would 
often be the case, if a strong current of water ^ere 
run over it. Brooks may be dammed up, and thus 
made to cover a large quantity of land. In such 
a case the rapid current would be destroyed, and the 
fertilizing matter would settle ; but, if the course 
^ of the brook were turned, so that it would run iu a 
'current over any part of the soil, it' might carry away 
more than it deposited, and thus prove injurious. 
Small streams turned on to land, from the washing 
of roads, or from elevated springs, are good means 
of irrigation, and produce increased fertility, except 



What IB the difference between water which only runs oyer the 
iarfaee of the earth, and (hat which runs out of the earth ? 

Why should strong currents of water not he allowed to traverM 
the soil f 



/ 
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where the bcSI is of such a character as to prevent 
the water from passmg away, in which case it should 
be tmderHlrained. 

Lrigatiou was one of the oldest means of fer- 
tility ever nsed by man, and still continues in great 
%vor wherever its effects have been witnessed. 



mxiNG soiLa 

The mixing of soQs is often aU that is necessary 
to render them fertile, and to improve their median- 
tool condition. For instance, soUs deficient in pot- 
ash, or any other constituent, may have that defi- 
ciency supplied, by mixmg with them soil containing 
this constituent in excess. 

"It is very frequently the case, that such means of 
improvement are easily availed of. While these 
chemical effects are being produced, there may be 
an e(}ual improvement in the mechanical character 
of the soil. Thus stiff clay soik are rendered light- 
er, and more easily workable, by an admixture of 
sand, while light blowy sands are compacted, and 
made more retentive of manure, by a dressing of 
clay or of muck. 

Of course, this cannot be depended on as a sure 
means of chemical improvement, unless the soils are 
previously analyzed, so as to know their require- 

How are soils improved by miziBg f 
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ments } bat, in a majority of cases, the soil vrill be 
benefited, by mixing with it soil of a different ch^« 
acter. It is not always hecessary to go to other 
locations to procure the soil to be applied, as the 
sab-soil is often very different from the surface soil, 
and simple deep plowing wiU suffice, in such cases, 
to produce the required admixture, by bringing up the 
earth from below to mingle it with that of a different 
character at the sur&ce. 



In the foregoing remarks on the subject of min- 
eral manures, the writer has endeavored to point out 
such a course as would produce the ^' greatest good 
to the greatest i^umber,'' and, consequelitly, .has 
neglected much which might discourage the farmer 
with the idea, that the whole system of scientific 
agriculture is too expensive for his adoption. Still, 
while he has confined his remarks to the more simple 
improvements on the present system of management, 
he would say, briefly, that no manuring can be 
stridiy economical that is not based on an analysis 
of the soUy and a knowledge of the best means of 
overcoming the deficiencies indicated^ together with the 
most scrupulous care of every ounce of evaporatihg 
or soluble manure. 



Why xaay the same effect lometimes be produced by deep 
plowing t 

What 18 absolutely neceeaary to eoonosiioal manuriiig ff 



\ 
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CHAPTER X. 

m 

ATHQBPHERIO FBBTILIZEBS. 

It 18 not common to regard the gases in the atmos- 
phere in the light of manures, but they are decidedly 
so. Indeed, they are almost the only organic ma* 
nure ever received by the* uncultivated parts of the 
earth, as well as a large portion of that which is oc- 
cupied in the production of food for man. 

If these gases were not manures ; if there were 
no means by which they could be used by plants, the 
fertility of the soil would long since have ceased, and 
the earth would now be in an unfertile condition. 
That this must be true, will be proved by a few mo- 
ments' reflection on the &cts stated in the first part 
of this book. The fertilizing gases in the atmos- 
phere bdng composed of the constituents of decayed 
plants and animals, it is as necessary that they should 
be again returned to the form of organized matter, 
as it is that constituents taken from the boH should 
not be put out of existence. 

AMMONIA, 

The amifnxmid in the atmosphere probably can- 
not be appropriated by the leaves of plants, and 

Are ihe gasee in the atmosphere miuixiree f 
What would be the reenlt u they were not iot 
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miiBt, therefore, enter the soil to be assiinilated by 
roots. It reaches the soil in two ways. It is either 
arrested from the aii- circulating through the soil, or 
it is absorbed hj rains in the atmosphere, and thus 
carried to the earth, where it is retained by clay 
and carbon, for the uses of plants. In the soil, 
ammonia is the most important of all organic 
manures. In fact, the value of organic manure 
may be estimated, either by the amount oi ammo- 
nia which it will jrield, or by its power of absorbing 
ammonia from other sources. 

The most important action of ammonia in the 
soil is the supply of nitrogen to plants ; but it has 
other offices which are of consequence. It assists in 
some of the chemical changes necessary to prepare 
the matters in the soil for assimilation. Some argue 
that ammonia stimnlates the roots of plants, and x 
causes them to take up increased quantities of inor- 
ganic matter. The discussion oi this question would 
be out' of place here, and we will simply say, that it 
gives them such vigor that they require increased 
amounts of ashy matter, and enables them to take 
this from the soil. 

Although, in the course of nature, the atmos- 
pheric fertilizers are plentifully supplied to the soil, 
without the immediate attention of the farmer, it is 

How 48 ammonia used by plants f 

How may it be carried to the soil! 

How may the value of orffanic manures be estimated? 

What effects has ammonia Deside aup^ying food to pUmtet 
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not bejond his power to manftge them in ioch A 
maimer as to arrest a greater qtiautity. The pre* 
cautions necessary have been repeatedly given in the 
preceding pages, but it may be well to name them 
again in this chapter. 

The condition of the soil is the main point to be 
Vonsidered. It mnst be such as to absorb and retain 
ammoni»-^to allow water to pass through it, and be 
discharged leUM the point to which the-iroots of 
crops are searching for food — and to admit of a free 
circulation of air. 

The power of absorbing and retaining ammonia 
is not possessed by sand, but it is a prominent pro- 
perty of day, charcoal^ and some other matters 
named as absorl^ents. Hence, if the soil consist of 
nearly pure sand, it wiU. not make use of the ammo- 
nia brought to it from the atmosphere, but will allow 
it to evaporate immediately after a shower. Soils in 
this condition require additions of absorbent matters, 
to enable them to use the anomonia received from 
the atmosphere. Soils already containing a sufficient 
amount of clay or charcoal, are thus far prepared to 
receive benefit from this source. 

' The next point is to cause the water of rains to 
pass through the soil If it lies on the surface, or 



^•^m 



To how great a degree can the farmer control atmospheric fer* 
lUuerst 

What should be the oonditioii of the^soil? 
What Bubstances are good absorbents in the soil! 
How may sandj soils be mftda retaitire of amm<mia t 
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runs off without enterii^; the soil, or even if it 0nfy 
enters to a slight depth, and comes in contact with 
but a small q.uantity of the absorbents, it is not pro- 
bable that the fertilizing matters which it contains 
will all be abstracted. Some of them will undoubt- 
edly return to the atmosphere, on the evaporation of 
the water ; but, if the soil contains a sufficient ' 
supply of absorbents, and wiU allow all rain water to 
pass through it, the fertilizing gases will all be re- 
tained. They wiU be filtered (or raked) out of the 
water. 

This subject will be more fully treated in Section 
IV. in connection with under-draining. 

Besides the properties just described, the soil 
must possess the power of admitting a free circulation 
of air. To effect this, it is necessary that the soil 
should be well pulverized to a great ^epth. If, in 
addition to this, the soil be such as to admit water 
to pass through, it will allow that circulation of air 
necessary to the greatest supply of ammonia. 

CARBONIC A(»D. 

Carbonic acid is received from the atmosphere, 
both by the leaves and roots of plants. 

If there is caustic lime in the soil, it unites with 
it, and makes it milder and finer. It is absorbed by 

Why does ander-draining increase the absorptlye power of th« 

How do plants obtain their carbonic acid? 

How does carbonic acid affect caustic lime in^the soil! 
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jbhe water in the soil, and gives it the power of dissolv- 
ing many more substances thati it would do without 
the carbonic acid. Thi^ use is one of veiy great im- 
portance, as it is equivalent to making the min- 
erals themselves more soluble. Water dissolves car- 
bonate of Ume, etc., exactly in proportion to the 
amount of carbonic add which it tontains. We 
ishould, therefore, strive to have as much carbonic 
acid as possible in the water in the soil ; and one 
way, iu which to effect this, is to admit to the soil 
the lai^st possible quantity of atmospheric air, which 
Qontains this gas. 

The condition of soil necessary for this, is the 
same as is required for the deposit of ammonia by 
the same circulation of air. 



OXTOBN. 

Oocygenj though not taken up by plants in its pure 
form, may justly be classed among manures, if we 
consider its effects both chemical and mechanical in 
the soil 

1. By oxidizing or rusting some of the constit- 
uents of the soil, it prepares them for the uses of 
plants. 

What power does it give to water! 

What condition of the soil is necessary for the reception of tha 
largest quantity of carbonic acid ff 

May oxygen be considered a manure t 

What is the effdct of the oxidation of the constitaents of the 
soilt 

9* 
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2. litmites ^th Oib protoode of ifoii, and^ 
changM it to the peroxide.^ 

3. If there are aoida in the soS, whieb make it 
sour and imfertile, it maj be opened to the ciicid»* 
tion of the air, and the oxygen wiU prepare some of 
the mineral matters contained in the Boil to nnite 
with the acids and neatiolize them. 

4. Oxygen oombines with the carbon of oi^ame 
matters in the soil, and canses them to decay. The 
comlniiation prodnces carbonic acid. 

5. It combines with the nitrogen of decaying mh* 
stances and forms nitric acidf which is serficeaUe as 
food for plants. 

6. It undoubtedly affects in some way the matter 
which is thrown out from the roots of plants. This, 
if allowed to accumulate, and remain unchanged, is 
often very injurious to plants ; but, probably, the 
oxygen and carbonic acid of the air in the soil change 
it to a form to be inoffensive, or even make it again 
useM to the plant. 

7. It may also improve the mechanical condition 
of the soil, as it cau^s its particles to crumble, thus 
making it finer ; and it roughens the sur&ces of par- 
ticles, making them less easy to move among each 
other. 



■^^ 



How does it affect the protoxide of iron f 

Hov do» it neutralize tiie aoids in the soil t 

How doea it affect its organic parts f 

How does it form nitric addf 

How may it affect ezcrementitions matter of plants f 

What eSeot has it on the mechanical condition of the soil ? 
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ThMQ piopiortias of oiygm daita tst it a high 
plaoe among tile atoioctpiieiic fertilizers. 

WATEB. 

I TFafeT" may be oonsidered an atmospheric taon 
traxe, as its ddei supply to vegetation is received 
&om tiie air in the form of rain or dew. Its many 
^Eeoti aw abeady too wdl known to need farther 
comment. 

The means of supplying water to the soil by the 
deposii of dmp will be Mly explained in Section IV . 
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CHAPTER XI. 

BEOAPITULATION. 

Manures have two distinct classes of action m the 
so3^ namely^ cJiemical and nfieohanicdl. 

Chemical manures axe those which enter into the 
construction of plants, or produce such chemical 
effects on matters in the soil as shall prepare tiiem 
for use. 

MechmieaZ manures are those which improve 

Why may water be considered an atmospheric manvre I 
Whai dasKea of action bare mannres f 
What are diemical mannres ? Mechanical t 
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the mechanical condition <^ the soil^ saoh as looaen- 
ing stiff clays^ compacting light sands^ pnlverizing 
large particles, etc. 

Manures are of three distinct kinds, namely, Organ 
nicj mineral, and atmospheric, 

« Organic manures comprise all vegetaUe and ani- 
mal matters (except ashes) which are used to fer- 
tilize the soil. Vegetable manures supply carbonic 
acid, and inorganic matter to plants. Animal ma- 
nures supply the same substances and ammonia. 

Mineral manures comprise aahes, salt, phosphate 
of lime, plaster, etc. They supply plants with inor- 
ganic matter. Their usefulness depends on their solur 
bility. 

Many of the organic and imneral manures have 
the power of absorbing ammonia arising firom the de- 
composition of animal manures, as well as that which 
is brought to the soil by rains — ^these are called ab- 
sorbents. 

Atmospheric manures consist of ammonia, car- 
bonic acid, oxygen and water. Their greatest use- 
fulness requires the soil to allow the water of rains to 
pass through it, to admit of a free circulation of air 
among its particles, and to contain a sufficient 
amount of absorbent matter to arrest and retain all 
anunonia and carbonic acid presented to it. 



What are the three kinds of manures t 

/What are organic manures, and what are their uses t Mineral^ 
Atmospheric ? 
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Manures should neyer be applied to the soil with- 
out regard to its requirements. 

Anmionia and carbon are almost always useful, 
but mineral manures become mere dirt when applied 
to soils not deficient of them. 

The only true guide to the exact requirements of 
the soil is chemiccU analysis ; and this must always 
be obtained before farming can be carried on with true 
economy. 

Oi^nic manures must be protected against the' 
escape of their ammonia and the leaching out of their 
soluble parts. One cord of stable manure properly 
pieserved, is worth ten cords which have lost all of 
their ammonia by evaporation, and their soluble parts 
by leaching — ^as is the case with much of the manure 
kept exposed in open barn-yards. 

Atmospheric manures cost nothing, and are of 
great value when properly employed. In conse- 
quence of this, the soil which is enabled to make the 
largest appropriation of the atmospheric fertilizers, 
is worth many times as much as that which allows 
them to escape. 

What rule should regulate the application of manures f 
How must organic manures be managed t Atmospheric f 
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MECHANICAL CULTIVATION. 
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CHAPTER I. 

THE MECHANICAL CHABACTEB OF 

SOILS. 

The meclianical character of the soil is well un- 
derstood from preceding remarks^ and the learner 
knows that there are many offices to be performed 
by the soil aside from the feeding of plants. 

1. It admits the roots of plants^ and holds them 
in their position. 

2. By a sponge-like action^ it holds water for 
the uses of the plant. 

3. It absorbs moisture from the atmosphere to 
supply the demands of plants. 

What is the first office of the soil t 

How does it hold water for the uses of the plant ff 

How does it obtain a part of its moisture I 
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4. It abfloibs heat from the soil's rays to assist in 
the process of growth. 

, 5. It admits air to circulate among roots, and 
supply them with a part of their food, while the 

the soil ; and its carbonic acid, bemg absorbed by the 
water in the soil, gives it the power of dissolving, and 
carrying into roots more inorganic matter than would 
be contained in purer water. 

6. It allows the excrementitious matter thrown 
out by roots to be carried out of their reach. 

All of these actions the soil must be capable of 
performing, before it can be in its highest st^.te of 
fertility. There are comparatively few soils now in 
this condition, but there are also few which could not 
be profitably rendered so, by a judicious application 
of the modes of cultivation to be described in the fol- 
bwing chapters. 

The three great objects to be accompUshed are : — 

1. To adopt such a system of drainage as will 
cause all of the water of rains to pass ihrotigh the 
soil, instead of evaporating from the sor&ce. 

2. To pulverize the soil to a considerable depth. 

3. To darken its eolor, and render it oapabk of 
absorbing atmospheric fertilizers. 



How may it obtain heat ? 

What is the use of the air oireulatixig among its particles f 

Gould most soils be brought to iih» mghoat state of fertiUtyf 

What is the fiist thing to be done! 

Should its color be darkened I 



The means used to fiecmie than effects are imcfer- 
draining y subsoil and suff(U)e-plomngy digging ^ a/p^ 
fiying mucky etc. 
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CHAPTEB IL 

UNDSB-DBAINIHG. 

The advantages of f«9ic2er-drains over open drains are 
very great. 

When open drains are used, much water passes 
into them immediately from the sur&ce, and carries 
with it fertilizing parts of the soil, while their beds 
are often compacted by the running water and the 
heat of the sun, so that, they become water tight, 
and do not admit water from the bwer parts of the 
soil. 

The sides of these drains are often covered with 
weeds,- which spread their seeds throughout the whole 
field. Open drains are not only a great obstruction 
to the proper cultivation of the land, but they cause 
much waste oi room, as we can rarely plow nearer 
than within six or ei^t feet of them. 

There are none of these objections to the use of 
under-drains, as these are completely covered, and 

■ - -* m [-1 1 ' 

Name 8<nne of the means wed to seeore these eflSMtiL 
^Why are tmder-drains aiiperior to open draiaal 
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do not at all interfere with the cultivation of the 
surface. 

Under drains may be made with brash, stones, 
or tiles. Brush is a very poor material, and its use is 
hardly to be recommended. Small stones are better, 
and if these be placed in the bottoms of the trenches, 
to a depth of eight or ten inches, and covered with 
sods turned upside down, having the earth packed 
well down on to them, they make very good drains. 



TILE DRAINING. 

The best under-drains are those made with tiles, 
or burnt clay pipes. The first form of these used 
was that called the horse-shoe tUe, which was in 
two distinct pieces ; this was superseded by a round 
pipe, and we have now what is. called the sole tUe, 
which is much better than either of the others. 




.1^. Fig. 4— ttole Tile. 

This tile is made (like the horse-shoe and pipe 
tile) of common brick clay, and is burned the same . 
as bricks. It is about one half or three quarters of 
an inch thick, and is so porous that water passes di-* 

With what materialfl maj under-drains be constmotedt 
DeBoribe the tile. 



OUZiTIYATIOSr. 213 

^tectly tliioiigh it. It has a flat bottom on which 
to stand, and this enables it to retain its po-* 
sition, while making the drahiy better than would 
be done by the round pipe. The orifice through 
which the water passes is egg-shaped, having its 
smallest curve at the bottom. This shape is the one 
most easily kept clear, as any particles of dirt which 
get into the drain must iall immediately to the point 
where even the smallest stream of water runs, and 
are thus removed. An orifice of about two inches is 
sufficient for the smaller drains, while the main 
drains require larger tiles. 

^ These tiles are laid, so that their ends will touch 
each other, on the bottoms of the trenches, and are 
kept in position by having the earth tightly packed 
around them. Care must be taken that no space is 
left between the ends of the tiles, as dirt would be 
liable to get in and choke the drain. It is advisable 
to place a sod — grass side down — over each joint, 
before filling the trench, as this more effectually pro- 
tects them against the entrance of dirt. There is 
no danger of keeping the water out by this operation, 
as it will readily pass through any part of the tiles^ 
In digging the trenches it is not necessary (except 
in very stony ground) to dig out a place wide enough 
for a man to stand in, as there are tools made ex- 
pressly for the purpose, by which a trench may be 

Why is the sole tile superior to those of previous oonstmotionff 
How are these tiles laid! 
How may the trenohes be dug f 
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dog six or fleren inches wide, and to any required 
depth. One set of these implements consists of a 
bng narrow spade and a hoe to coiTespond, such as 
are represented in the accompanying figure. 

^- «• With these .took, and a long 

light crowbar, for hard soils, 
trenches may be dug much more 
cheaply than with the common 
spade and pickaxe. Where there 
are laige boulders in the soil, these 
draining tools may dig undei: them 
so that they will not have to be 
removed. 

When the trenches are dug to 

a sufficient depth, the bottoms 

^must be made perfectly smooth, 

with the required descent (from 

^ six inches to a few feet in one 

j^r hundred feet). Then the tUes 

Spade and ^^7 ^ ^^^ ^^> ^ *^** *^^^ ®^^® 

hoe. will correspond, be packed down, 
and the trenches filled up. Such a drain, if properly 
constructed, may last for ages. Unlike the stone 
drain, it is not liable to be frequented by rats, nor 
choked up by the soil working into it. 

The position of the tile may be best represented 
by a figure, also the modp of constructing stone 



Upton 
tool. 



ODLTITAinM. 

It Trin be seen tbat tlie tfle 
drain is made with much less 
labor than the stone dram, as it '- 
requires less dig^ng, while the 
breaking np of the stone &r 
the stone ' drain will be nearly, 
or quite as expensive as the 
tiles. Drains made with lai^ 
stones Me not nearly so good as *^-SodUJdon theai 
with small ones, because they are more hable to be 
choked up by animals working in them." 

The <2e^A of the drains must depend on the dis- 
tances at which they are placed. If but twenty feet 
apart, they need be but fArec feet deep ; while, if 
they are ti^Hy feet apart, they must be jivt feet 
deep, to produce the sa^e effect. The reason for 
this ia, that the water in the druned soil is not level, 
but Ib higher midway between the drains, than at 
any other point. It is necessary tbat this highest 
point should be sufficiently far from the Buriace not 
to interfere with the roots of plants, consequently, 
as the water line between two drains is carwcd, the 

■ It ii pTC>b>bI« thftt a oompoutioo of hjdranlie cement uid 
■ome BolobU material will be inTented. by 'which a coatioaoiu 
pipe may be l^d in tbe bottonu of treaah«e, beooming porom ai 
the Bolnble material ia remoTed by water . 



Wby are imall itonea batter than large itonei in the aoutrno- 
tionof draiiul ' 

On what mnat tli« depth of Doder-draina dep«i^ I 



auimvATaaXi 



most distant diaim most be the deepest. This will 
"be understood hj referring to the following diagram. 



aa — G feet druna, 80 fL apart, bh — 3 SeeK draiDB, 20 ft. apart. 

The curved line represents the position of the 
water. 

In most soils it will be easier to dig one trench 
five feet deep, than four trenches three feet deep, 
and the deep trenches will be equally beneficial ; bat - 
where the soil is ^^eiy h^d below a depth of three 
feet, the shallow trenches will be the cheapest, and 
in such soils they wiU often be better, as the hard 
mass might not allow the water to pass down to en- 
ter the deeper drains. 

Bj following out these inBtmctions, land may be 
cheaply, thoroughly, and permanently drained. 

Describe the prtneipip which regulates theu relative depths 
and distances. (Bluck board.) 

Whioh is uaoallj ttie cheaper plan of constrncting draim I 
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CHAPTER III. 

IDVANTAGES OF U N D E R- D B A ININ a . 

The advantages of under-draining are many and 
important. 

I. It entirely prevents drought. 

2.^ It furnishes an increased supply of i^tmos- 
pheric fertilizers. 

3. It warms the lower portions of the soil. 

4. It hastens the decomposition of roots and 
other organic matter. 

5. It accelerates the disintegration of t)id m|nr 
eral matters in the soiL 

6. It causes a more even distribution of nutri- 
tious matters among those parts of soil trayersed by 
roots. 

7. It improves the mechanical texture of ^he 
fioil. 

8. It causes the poisonous excrementitious mat-* 
ter of plants to be carried out of t]ie reach of ^heir 
roots. 

9. It prevents grasses from running, out. 

10. It enables us to deepen the surface soil' 
By removing excess of water — 

II. It renders soils earlier in the spring. 

12. It prevents the throwing put of g]:^ in 
winter. 

10 



218 CULTIVATION. 

13. It allows us to work sooner after rains. 

14. It keeps off the effects of cold weather longer 
in the fall. 

15. It prevents the formation of acetic and other 
organic acids, which induce the growth of sorrel and 
similar weeds. 

16. It hastens the decay of vegetable matter, 
and the finer comminution of the earthy parts of 
the soil. 

17. It prevents, in a great measure, the evapo- 
ration of water, and the consequent abstraction of 
heat from the soU. 

18. It ^dmits fresh quantities of water from 
rains, etc., which are always more or less imbued 
with the fertilizing gases of the atmosphere, to be 
deposited among the absorbent parts of soil, and 
given up to the necessities of plants. 

19. It prevents the formation of so hard a crust 
on the surface of the soil as is customary on heavy 
lands. 



1. Under-draining prevents droughty because it 
gives a better circulation of air in the soil ; (it does so 
by making it more open). There is always the same 
amount of water in and about the surface of the 
earth. In winter, there is more in the soil than in 

summer, while in summer, that which has been dried 

" I ■ ■ II I I ■ ■ • < i i I , I , 

How does under-drainiDg prevent drought! 
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out of the soil exists in the atmosphere in the form 
of a vapor. It i& held in the vapory form by heatj 
which acts as braces to keep it distended. When 
vapor comes in contact with substances sufficiently 
colder than itself, it gives up its heat — ^thus losing 
its braces — contracts, and becomes liquid water. 

This may be observed in hundreds of common 
operations. 

It is well known that a cold pitcher m summer 
robs the vapor in the atmosphere of its heat, and 
causes it to be deposited on its own surface. It looks 
as though the pitcher were sweating, but the water 
all comes from the atmosphere, not, of course, through 
the sides of the pitcher. 

K we breathe on a knife-blade, it condenses in 
the same manner the moisture of the breath, and 
becomes covered with a film of water. 

Stone houses are damp in summer, because the 
inner surfaces of the walls, being cooler than the 
atmosphere, cause its moisture to be deposited in the 
manner described. By leaving a space, however, 
between the walls and the plaster, this moisture is 
prevented from being troublesome. 

Nearly every night in the summer season, the cold 



Why is there less water in the soil in summer than in winter 
and where does it exist? 

What holds it in its yapory form t 

How is it aff^acted by cold substances f 

Describe the deposit of moisture on the outside of a pitcher in 
amiuDaer. 

What other instanoes of the same aolion ean be named f 
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earth receives moistore from the atmosphere in tha 
form of dew. 

A cabbage^ which at night is very cold, con* 
denses water to the amount of a gill or more. 

The same operation takes place in the soiL When 
the air is allowed to circulate among its lower and 
cQokr particles, they receive moisture from the same 
process of condensation. Therefore, when, by the 
aid of under-drains, the lower soil'becomes sufficient- 
ly open to admit of a circulation of air, the deposit 
of atmospheric moisture will keep the soil supplied 
with water at a point easily accessible to the roots 
of plants. 

If we wish to satisfy ourselves that this is praofi- 
caJXy correct, we have only to prepare two boxes of 
finely pulverized soil, one, five or six inches deep, 
and the other fifteen or twenty inches deep, and 
place them in the sun at mid-day in summer. The 
thinner soil wiU be completely dried, while the deeper 
one, though it may have been perfectly dry at first, 
will soon accumulate a large amount of water on 
those particles which, being lower and more sheltered 
from the sun's heat than the particles of the thin soil, 
are .made cooler. 

With an open condition of subsoil, then, such as 
may be secured by under-draining, we entirely over- 
come drought. 



How does this principle affect the soilf 

Explain tiie esperiment with the two bozM of BoiL 
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of atmospheric feftUizerSf because it w^coxen a change 
of air in the bchL This change is piodQced whenever 
the soil becomes fiUed with water, and theii dried ; 
when the air above the earth is in rapid motion, and 
when the comparative temperature oi the upper and 
lower soils changes. It causes new quantities of the 
anunonia and carbonic acid which it contains to be 
{o^esented to the absorbent parts of the soil. 

3. Under-draining toarms the lower parts of the 
9oS^ because the deposit of moisture (1) is necessarily 
accompanied by an abstraction of heat firom the at- 
mospheric vapor, and because heat is withdrawn 
fiom the whole amount of air circulating through 
the cooler soiL 

When rain falls cm the parched surface soil, it 
isobs it of aportion of its heat, which is carried down 
to equalize the temperature for the whole depth. 
The heat of the rain-water itself is given up to the 
seal, leaving the water from one to ten degrees cooler, 
when it passes out of the drains, than when received 
by the «arth. 

There is always a current of air passing from the 
lower to the upper end of a well constructed drain ; 
and this air is always cooler in warm weather, when 
it issues from, than when it enters the drain. Its 
lost heat is imparted to the soil. 

How does under-draining supply to the soil an inereased ^rmi^Mit 
of fttmospherie fertilizers? 

How does it warm the lower parts of the soil f 
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This heating of the lower soil renders it more 
fikvorable to vegetation^ partially by expanding the 
spongioles at the end of the roots, thus enabling them 
to absorb larger quantities of nutritious matters. 

4. Under-draining ^o^e?^ the, decomposition of 
roots and other organic maMers in the soU^ by ad- 
mitting increased quantities of air, thus supplying 
oocygen^ which is as essential in decay as it is in com- 
bustion. It also allows the resultant gases of decompo- 
sition to pass away, leaving the air around the decay- 
ing substances in a condition to continue the process. 

This organic decay, besides its other benefits, pro- 
duces an amount of heat perfectly perceptible to the 
smaU^ roots of plants, though not so to us. 

5. Draining accelerates the disintegration of the 
minerai matters in the soUy by admitting water and 
oxygen to keep up the process. This disintegration is 
necessary to fertility, because the roots of plants can 
feed only on matters dissolved from surfojces ; and 
the more finely we pulverize the soil, the more sur- 
face we expose. For instance, the interior of a stone 
can furnish no food for plants ; while, if it were finely 
crushed, it might make a fertile soil. 

Any thing, tending to open the soil to exposure, 
facilitates the disintegration of its particles, and 
thereby increases its fertility. 

How does it hasten the decomposition of roots and other organic 
matter in the soil?^ 

How does it accelerate the disintegration of its mineral parts! 
Why is this disintegration necessary to fertility t 
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6. Ikahnng causes a more evm dUMbutumc/nt^ 
trUious matters among those parts of soU traversed 
by roots, because it increases the ease with which 
water travels around^ descending by its own weight, 
moving sideways by a desire to find its level, or 
cairied upwiud by attraction to supply the evapora- 
tion at the surface. By this continued motion of 
the water, soluble matter of one part of the soil may 
be carried to some other part ; and another constit- 
uent from this latter podtion may be carried back to 
the former. Thus the food of vegetables is con- 
tinually circulating around among their roots, ready 
for absorption at any point where it is needed, while 
the more open character of the soil enables roots to 
occupy larger portions, making a more even drain on 
the whole, and preventing the undue impoverishment 
of any part. 

6. Under-drains improve the mechanicai texture 
of the soU ; because, by the decomposition of its parts, 
as previously described (4 and 5), it is rendered 
ol a character to be more easily worked ; while 
smooth round particles, which have a tendency to 
pack, are roughened by the oxidation of their sur- 
&ces, and move less easily among each other. 

8. Drains cause the excrementitiotis mxitter of 

How does under-draiiiing equalize the distribution of the fer- 
tilizing parts of the soil? 

Why does this distribution lessen the impoyerishment of the soil f 
How does under-draining improve the mechanical texture of the 

MUlt 

How do drains affect the ezcrementitioiiB matter of plants ff 
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j(iMt$ id he carried out of the reach of their roots. 
Nearly aH {)Iant8 return to the soil those parts of 
th^ food> whioh ate not adapted to their necessities^ 
and tisuaHy in a fbrm that is poisonous to plants of 
thie same kiifid. In an open soil, this matter may 
be earned by rains to a point where roots cannot 
reach it, and where it may undergo such changes as 
will fit it it be again taken up. 

^. By under-draining, grra«flc« are jpret^ew^erf/roTH 
rimning out, partly by preventing the accumula- 
tion 'of the poisonous excrementitious matter, and 
partly because ^l^ese grasses usually consist of tillering 
plants. 

^ede plants continually reproduce themselves in 
sproutes fr6tti the upper parts of their roots. These 
sprouts become independent plants, and continue to 
tiller (l^us keeping the land supplied with a full 
growth), until the roots of the stools (or clumps of 
tifiers), come in contact with an uncongenial part of 
the soil, when the tillering ceases ; the stools be- 
come extinct on the death <^ their plants, and the 
gttoses run out. 

The open and healthy condition <rf soil produced 
by dnuning prevents the tiUering ftom being stopped, 
and thus keeps up a full growth of grass until the 
nutriment of the soH is exhausted. 

10. Draining enables us to deepen the surfdce-^oUy 
because the admission of air and the decay of roots 

Wliy do tbey preTent grasMe from rannhig out I 
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render the oonditioii of the sabs(»l bocL that it may 
be brought up and mixed with the fioxfiioe-fioil, with- 
out injuring its quality. 

The second class of advantages of under*draining, 
arinng in the removal of the excess of water in the 
soil^ are quite as important as those just described. 

11. SoUa arcj thereby ^ rendered earlier in spring j 
because the water, trhich rendered them cold, heavy, 
and untillable, is earlier removed, leaving them ear- 
lier in a growing condition. 

12. The throwing otat of grain in winter is pre- 
Tented, because the water falling on the earth is 
immediately removed instead of remaining to throw 
up the soil by freezing, as it always does from the 
upright position taken by the particles of ice. 

13. We are enabled to work sooner after raina, 
because the water descends, and is immediately re- 
moved instead of lying to be taken off by the sk>w 
process of evaporation, and sinking through a heavy 
soil. 

14. The effects of cold weather are kept off longer 
in thefaUy because the excess of water is removed, 
which would produce an unfertile condition on the 
first appearance of cold weather. 

The drains also, from causes already named (3), 



How does the remoTal of water render soils earlier in spring f 
Why does it prevent the throwing oat of grain in winter f 
Why does it enable us to work sooner after rains? 
Why does it keep off the effects of cold weather longer in ih« 

10* 
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keep the soil warmer than before being drained, thus 
actually lengthening the season, by making the soil 
warm enough for vegetable growth earlier in spring, 
and later in autumn. 

16. Lands are preo&rded from becoming sour by 
fheformatibn of acetic acidj etc., because these acids 
are produced in the soil only when the decomposition 
of organic matter is arrested by the antiseptic (pre- 
serving) powers of water. If the water is removed, 
the decomposition of the organic matter assumes a 
healthy form, while the acids already produced are 
neutralized by atmospheric influences, and the soil 
is restored from sorrel to a condition in which it is 
fitted for the growth of more valuable plants. 

16. The decay ofroots, etc., is allowed to proceed, 
because the preservative iafluence of too much water 
is removed. Wood, leaves, or other vegetable matter 
kept continually under water, will last for ages ; 
while, if exposed to the action of the weather, as in 
under-drained soils, they soon decay. 

The presence of too much water, by excluding 
the oxygen of the air, prevents the comminution cf 
matters necessary to fertility. 

17. The evaporation (f water, and the conseqtient 
abstraction of heat from the soU, is in a great measure 
prevented by draining the water out at the bottom of 

How does it prevent lands from becoming sonrf 
Why does it hasten the decaj of roots, and the comminution of 
mineral matters f 

How does it prevent the abstraction of heat from the soil t 



OULTIVATION. 227 

the soil, instead of leaving it to be dried offfirom the 
surface. 

When water assumes the gaseous (or vapory) 
form, it takes up 1723 times as muchAeo^ as it con- 
tained while a liquid. A lai^e part of this heat is 
derived from surrounding substances. When water 
is sprinkled on the floor, it cools the room ; because, 
as it becomes a vapor, it takes heat from the room. 
The reason why vapor does not feel hotter than liquid 
water is, that, while it contaiQS 1723 times as much 
heat, it is 1723 as large. Hence, a cubic inch of 
vapor, into which we place the bulb of a thermometer, 
contains no more heat than a cubic inch of water. 
The principle is the same in some other cases. A 
sponge containing a table-spoonful of water is just 
as toet as one twice as large and containing two 
spoonsfal. 

If a wet cloth be placed on the head, and the 
evaporation of its water assisted by fanning, the head 
becomes cooler — a portion of its heat being taken to 
sustain the vapory condition of the water. 

The same principle holds true with the soil 
When the evaporation of water is rapidly going on, 
Dy the assistance of the sun, wind, etc., a large quan- 
tity of heat is abstracted, and the soil becomes cold. 

How mncli heat does water take up in becoming vapor f 
Why does water sprinkled on a floor render it^iooler ? 
Why is not a cubic inch of vapor warmer than a cubic inch of 
water? 

Why does a wet cloth on the head make it cooler when £umed I 
How does this principle apply to the soil? 
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Wllen there is no evaporation taking place, except 
of water which has been deposited on the Igwer por^ 
iSdfisof soil, and carried to the surface by capillary 
sttmcticm (;;8 is nearly true on under-drained soibl 
the loiSs of heat is compensated by that taken from 
the ifiobtnre in the atmosphere by the soil, in the 
abore^named manner. 

Thin cooling of the soil by the evaporation of 
water, is of veiy great injury to its powers of pro- 
ducing crops, and the fact that under-drains avoid it, 
is one of the best arguments in favor of their use. 
Sdts^ idea may, perhaps, be formed of the amount 
of heat taken from the soil in this way, from the 
fact that, in midsummer, 25 hogsheads of water may 
be^vdporated from a single acre in twelve hours. 

18. When not saturated with water the soil ad- 
mits the water of rains, etc., which bring with them 
fertiUising gases from the cdmospJierey to be deposited 
atoioiig the absorbent parts of soil, and given up to 
Iflte Necessities of the plant. When this rain fells 
on lands already saturated, it cannot enter the soil, 
but mttst run off from the surface, or be removed by 
evaporation, either of which is injurious. The first, 
because fertilizing matter is washed away. The se- 
o^d, because the soil is deprived of necessary heat. 

19. Theformaliion of crust on the surf ace of the 
soil is due to the evaporation of water, which is 

, . Whciiv rains are allowed to enter the^oil, how do they benefit it t 
. ' Ho'Wf.do under-drains prevent the formation of a crtifit on the 
surface of a soil! 
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drawii up ftom bebw "by capillaTy atttaction. It 
arises from the &ct that tlie water in the soil is sat- 
urated with mineral substances , which it leaves at 
its point of evaporation at the sur&ce. This soltible 
matter from below, often forms a very hard crust, 
which is a complete shield to prevent the admission 
of ait with its ameliorating effects, and should, as 
far as possible, be avoided. Under-draining is the 
best means of doing this, as it is the best means of 
lessening the evaporation. 

The foregoing are some of the more important 
imsons why under-draining is always beneficial. 
Thorough experiments have amply proved the truth 
of the theory. 

The Jctnds of soil bended by under-draining are 
nearly as' unlimited as the kinds of soil in existence. 
It is a common opinion, among farmers, that the only 
smfa which require draining are those which are at 
times <5overed with water, such as swamps and other 
low lands ; but the facts stated in the early part of 
this chapter, show us that every kind of soil — -wet, 
dry, compact, or light — ^receives henefit from the 
treatment. The fact that land is too dry, is as 
mudi a reason why it should be drained^ as that it 
is too wety as it overcomes drought as effectually as it 
removes th^ injurious effects of too much water. 

AU soSls in which the water of heavy rains does 
not immediately pass down to a depth of at least 

What kinds of soil are benefited bj under^ahiingf 
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iJiirty inches f should be nnder-drained^ and the ope* 
ration, if carried on with judgment, would invariably 
result in profit. 

Of the precise profits of under-draining this is 
not the place to speak : many of the agricultural 
papers contain numerous accounts of its success. It 
may be well to remark here, that many English &r- 
mers give it, as their experience, that under-draina 
pay for themselves every three years, or that they 
produce a perpetual profit of 33i per cent., or their 
original cost. This is not the opinion of theorists 
and booh farmers. It is the conviction of practical 
men, who know, frma eoyperiencef that under-drains 
are beneficial. 

The best evidence of the utility of under-drain- 
ing is the position, with regard to it, which has been 
taken by the English national government, which 
affords much protection to the agricultural interests 
of her people — a protection which in this country is 
unwisely and unjustly withheld. 

In England a very large sum from the public 
treasury has been appropriated as a fiind for loans^ 
on under-drains, which is lent to farmers for the pur- 
pose of under-draining their estates, the only secu- 
rity given being the increased value of the soil The 
tim^ allowed for payments is twenty years, and only 
five per cent, interest is charged. By the infiuence 

What do English fanners name as the profits of under-draining t 
What stand nas been taken by the "RngiiRli goTermnent with 
regard to under-draining ff 
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of this patronage, the acttial wealth of the kingdom 
is being rapidly increased, while the fiurmers them- 
selves, can raise their farms to any desired state of 
fertility, without immediate investment. 

The best proof that the government has not 
acted injudiciously in this matter is, that private 
capitalists are fast employing their money in the 
same manner, and loans on under-drains are con- 
sidered a very safe investment. 

There is no doubt that we may soon have similar 
&cilities for improving our farms, and when we do, 
we shall find that it is unnecessary to move West to 
find good soil. The districts nearer market, where 
the expense of transportation is much less, may, by 
the aid of under-drains, and a judicious system of 
cultivation, be made equally fertile. 

One very important, though not strictly agricul- 
tural, effect of thorough drainage is its removal of 
certain local diseases, peculiar to the vicinity of 
marshy or low moist soils. The health-reports in 
several places in England, show that where /ever and 
cLgue was once common, it has almost entirely dis- 
appeared since the general use of under-drains in 
those localities. 



How does under-draining affect the healthfolness of marshy 
oonntriesf 

Describe ^he sub-soil plow. 



fids 
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CHAPTER IV. 



SUB-SOIL PLOWINa 

TfiB sub^soU phu) is an implement differingin figure 
from tbe surface plow. It does not turn a fiirrow, 
but merely runs through the sub-soil like a mole — 
loosening and making it finer by lifting, but allowing 
it to fall back and occupy its former place. It 
usually follows the surface plow, entering the soil to 
the depth of from twelve to eighteen inches below 
the bottom of the surface furrow. 

The best pattern now made (the Mapes plow) ia 
represented in the following figure. 

Fig. 8. 




Hie Mapes plow and its mode of action, a — Shape of the foot of 
the plow. 6— Its effect on the sou. 
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The sab-soil plows first made raSsed the whde soil 
about eight inches, and required very great power in 
their use oft^ six, e^ht, or even ten ox^ The 
Mapes plow, raising the soil but slightly, may be 
worked with much less power, and produces equally 
good results. It may be run to its full depth in most 
soils by a single yoke of oxen. 

Of course a motion in the soil of but one and a half 
inches is very slight, but it is sufficient to move each 
particle £rom the one next to it which, in dry soils, is 
all that is necessary. Whoever has examined a pile 
of cannon-balls must have observed that at the points 
where they touch each other, there is a little rust. In 
the soil, the same is often the case. Where the par- 
ticles touch each other, there is such a chemical change 
produced as renders them fit for the use of plants. 
While these particles remain in their first position, 
the changed portions are out of the reach of roots ; 
but, if, by the aid of the sulnsoil plow, their position 
is altered, these parts are exposed for the uses of 
plants. K we hold in the hand a ball of dry clay, 
and press it hard enough to produce the least motion 
among its particles, the whole mass becomes pul- 
verized. On the same principle, the sub-soil plow 
renders the compact lower soil sufficiently fine for the 
requirements of fertility. 

Describe the Mapes plow. 

Why is the motion in the soil of one and a half inches sufficient t 
How does the oxydation of the partiides of the soil resemble the 
rosting of cannon balls in a pile I 
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Notwithstanding its great benefits on land, which 
is sufficiently dry, sub-soiling cannot be recommended 
for wet lands ; for, in such case, the rains of a single 
season would often be sufficient to entirely overcome 
its effects by packing the subsoil down to its former 
hardness. 

On lands not overcharged with water, it is 
productive of the best results, it being often suf- 
ficient to turn the balance between. a gaining and 
a losing business in farming. 

It increases nearly every efiEect of under-draining ; 
especially does it overcome drought, by loosening the 
soil, and admitting air to circulate among the particles 
of the sub-soil and deposit its moisture on the prin- 
ciple described in the chapter on under-draining. 

It deepens the surface-soil, because it admits roots 
into the sub-soil where they decay and leave carbon, 
while the circulation of air so affects the mineral 
parts, that they become of a fertilizing character. 
The deposit of carbon gives to the subsoil the power 
of absorbing, and retaining the atmospheric fertilizers, 
which are more fi^eely presented, owing to the fact 
that the air is allowed to circulate with greater 
freedom. As a majority of roots decay in the surface- 
soil, they there deposit much mineral matter obtain- 
ed from the sub-soil. 

The retention of atmospheric manures is more 

Whj are the benefits of Bab-soiliog not permanent on wet lands! 
Does snbHBoiling overeome drought f 
How does it deepen the surfiBoe soil f 
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folly ensured by the better e]qK)snre of Qie clayey 
portions of the soiL 

Those manures which are artificially applied, by 
being plowed under to greater depths, are less liable 
to evaporation, as, firom the greater amount of soil 
above them, their escape will more probably be 
arrested ; and, fix)m the greater prevalence of roots, 
they are more liable to be taken up by plants. 

The sub-soil often contains matters which are de- 
ficient in the sur&ce-soiL By the use of the sub-soil 
plow, they are rendered available. 

Sub-soiling is similar to under-draining in con- 
tinuing the tillering of grasses, and in getting rid of 
the poisonous excrementitious matter of plants. 

When the sub-soil is a thin layer of clay on a 
sandy bed (as in some plants of Cumberland Go. 
Maine), the sub-soil plow, by passing through it, 
opens a^ passage for water, and often affords a suf- 
ficient dramage. 

If plants will grow better on a soil six inches 
deep than on one of three inches, there is no reason 
why they should not be benefited in proportion, by 
disturbing the soil to the whole depth to which roots 
will travel — ^which is usually more than two feet. 

Why is the retention of atmospheric manures ensured by sub- 
Boilings 

Why are organic manures plowed deeply under the soil, less 
liable to evaporation than when deposited near the surface 9 

How does sub-soiling resemble under-draining in relation to the 
tillering of grasses f 

When the sub-soil consistB of a thin layer of alay on a sandy be^ 
what use may be made of the sub-soil plow I \^ 
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The minute tootlets <tf com and most other pktnta, 
will^ if allowed by cultivation, occupy the soil to the 
depth or thirty-fimr inches, having a fihce in nearly 
every cubic inch of the soil for tiie whole distwace. 
There are very few cultivated plants whose roots 
would not travd to a depth of thirty inches or more. 
Even the onion sends its roots to the depth of 
eighteen inches when the schI is wdl cultivated. 

The object of loosening the soil is to admit 
roots to a sufficient depth to hdd l^e plant in its 
position — ^to obtaiQ the nutriment necessary to its 
growth — to receive moisture from tibe lower portions 
of the soil-'^-And, if it be a bulb, tuba*, or tap, to 
assume the form requimte for its largest develop- 
ment. 

It must be evident timt toots, penetrating the 
soil to a depth of two feet, anchor the |dant with 
greater stability than those which are spread more 
thinly near the surface. 

The roots of plants traversing the soil to such 
great distances, and being located in nearly every 
part, absorb mineral and other food, in solution in 
water, only through the spongiohs at their ends. 
Consequently, by having these ends in every part 
of the soil, it is aU brought under contribution, and 



To how great a depth will the roots of plants usually occupy 
f!he soil 9 

What is the object of loosening the soilf 

How are ^ese Yfloious e£Mts betfeeir pradueed in deep than in 
shallow soils f 



\ 
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tbe amotmt supplied is greater^ while the deauiod on 
any particular part may be less than when the whole 
requirements of plants hate to be supplied, &om a 
depth of a few inches. 

The ability of roots, to assume a natural shape 
in the soil, and grow to their largest sizes/ must 
depend on the condition of the soil. If it is finely 
pulverized to the whole depth to which they ought . 
to go, they will be fully developed ; while, if the soil 
be too hard for penetration, they will be deformed 
or smaU. Thus a cairot may grow to the length of 
two and a half feet, and be of perfect shape, while, if 
it meet in its course at a depth of eight or ten inches 
a coldy hard sub*Boil, its growth must be arrested, or 
its form injured. 

Boots are turned aside by a hard sub-soil, as 
they would be if received by the sur&ce of a plate of 
glass. 

Add to this the fact that cold, impenetrable sub- 
soils are ckemiccdly uncongenial to vegetation, and 
we have sufficient evidence of the importance, and 
in many cases the absolute necessity of sub-soiling 
and under-draining. 

It is unnecessary to urge the &ct that a garden soil 
of two feet is more productive than a field soil of six 
inches ; and it is certain that proper attention to 
these two modes of cultivation will in a niajority of 
cases make a garden of the field — ^more than doubling 

May gftrden toils Im profitably u)aitat«4 ia fi^4 aiUtnire t 
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its value in ease of working^ increased produce, cer- 
tain security against drought, and more even distri- 
bution of the demands on the soil — ^while the outlay 
will be immediately repaid by an increase of crops. 

The sub-soil will be much improved in its charac* 
ter the first year, and a continual advancement 
renders it in time equal to the original surface-soil, 
and e:diending to a depth of two feet or more. 

The sub-soil plow is coming rapidly into use. 
There are now in New Jersey more foundries casting 
sub-soil plows than there were sub-soil plows in the 
State six years ago. The implement has there, as 
well as in many other places, ceased to be a curiosity ; 
and the man who now objects to its use, is classed 
with him who shells his com on a shovel over a half- 
bushel, instead of employing an improved machine, 
which will enable him to do more in a day than he 
can do in the " good old way '' in a week. 

Had we space, we might give many instances of 
the success of sub-soiling, but the agricultural papers- 
of the present day (at least one of which every farmer 
should take) have so repeatedly published its advan- 
tages, that we will not do so. 

In no case will its use be found any thing but 
satisfactory, except in occasional instances where 
there is some chemical difficulty in the sub-soil, which 
an analysis will tell us how to overcome. 



Li the use of the snb-Boil plow inar«aiing ff 
Will ite QM ever iijxire crops t . 
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As WB8 before stated, its use on wet lands is not 
advisable until they haye been under-drained, as 
exoe« of water prevents its effects fiom being peiv 
manent. 
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CHAPTER V. 

PLOWING AND OTHER MODES OF PUL- 
VEBIZING THE SOIL. 

The advantages of pulverizing the soil, and the rea- 
sons why it is necessary, are now too well known to 
need remark. Few farmers, when they plow, dig, or 
harrow, are enabled to give substantial reasons for 
so doing. If they will reflect on what has been said 
in the previous chapters, concerning the supply of 
mineral food to the plant by the soil, and the effect 
of air and moisture about roots, they will find more 
satisfaction in their labor than it can afford when 
applied without thought. 

PLOWING. 

The kind of plow used in cultivating the surface- 
May the satiBfaction atteDcUn^ labor be inoreased hj an Tiiidep> 
ttanding of the natural laws whieh regulate oar operationa ff 
On what depends the kind of plow to be vied I 



soil muat be decdc^ed by %hB kind of 8o|l. Thia ques-* 
tioQ the pmctiofd, observmg fairer will b^ fkble %o 
Bolve, 

As a general rule, it may be stated that th^ plow 
which runs the deepeBtj with the same amount of 
force, is the best. 

We might enter more fully into this matter but 
for want of space. 

The advantages of deep plowing cannot be too 
strongly urged. 

The statement that the deeper and the finer the 
soil is rendered, the more productive it will become, 
is in every respect true, and wHch no single instance 
will contradict. 

It must not be inferred fix)m this, that we would 
advise a farmer, who has always plowed his soil to 
the depth of only six inches, to double the depth at 
once. Such a practice in some soils would be highly 
injurious, as it would completely bury the more fer- 
tile and better cultivated soil, and 'bring to the top 
one which contains no organic matter, and has ne- 
ver been subject to atmospheric influences. This 
would, perhaps, be so little fitted for vegetation that 
it would scarcely sustain plants until their roots could 
reach the more fertile parts below. Such treatment 
of the soil (turning it upside down) is excellent in 
garden oulturei wheire the gre^t ai^oun^ of manures 

What V a gdneval rul« with regard tfl Mb f 

Should deap plowing bQ immeaiatialy a(lQpt04t Why? 

Why IB tMs Aouno flltreatoi«nt adviAablt tw gf^r4^ Ool^ure f 
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applied is sufScient to oveicome the temporary bar- 
renness of the sou, but it is not to be recommended 
for aU^fidd cultivation, where much less inanure is 
employed. 

The course to be pursued in such cases is to plow 
one inch deeper each year. By this means the soil 
may be graduaUy deepened to any desired extent. 
The amount of uncongenial soil which will thus be 
brought up, is slight, and will not interfere at all with 
the fertility of the soil, while the elevated portion 
will become, in one year, so altered by exposure, 
that it will equal the rest of the soil in fertility. 

Often where lime has been used in excess, it has 
sunk to.the sub-soil, where it remains inactive. The 
slight deepening of the surface plowing would mix 
this lime with the surface-soil, and render it again 
useful. 

When the soil is light and sandy, resting on a 
heavy clay sab-soa, or clay on sand, the bringing 
up of the mass &om below will improve the texture 
of the soU. 

As an instance of the success of deep plowing, we 
call to mind the case of a farmer in New Jersey, 
who had a field which had yielded about twenty-five 
bushels of com per acre. It had been cultivated at 
ordinary depths. After laying it out in eight step 
lands (24 feet), he plowed it at all depths from five 



How Bhould field plowing be conducted? 

How does such treatment affect soils previously limed f 

How may it sometimes improve sandy or clay soils? 

11 
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to ten inclies^ on the different lands^ and sowed oats 
evenly over the whole field. The crop on the five 
inch soil wa^ very poor, on the six inch rather better, 
on the seven inch better still, and on the ten inch 
soil it was as fine as ever grew in New Jersey; 
it had stiff straw and broad leaves, while the gl-ain 
was also much better than on the remainder of 
the field. 

There is an old anecdote of a man who died, 
leaving his sons with the information that he had 
buried a pot of gold for them, somewhere on the 
farm. They commenced digging for the gold, and 
dug over the whole farm to a great depth- without 
finding the gold. The digging, however, so enriched 
the soil that they were fully compensated for their 
disappointment, and became wealthy from the in- 
creased produce of their farm. 

Farmers will find, on experiment, that they havo 
gold buried in their soil, If they will but dig deep 
enough to obtain it. 'The law gives a man the own- 
ership of the soil for an indefinite distance from the 
surface, but few seem to realize that there is another 
farm below the one they are cultivating, which is 
quite as valuable as the one on the surface, if it were 
but properly worked. 

FaU plowing y especially for heavy lands, is a very 
good means of securing the action of the frosts of 
winter to pulverize the soil. If it be a stiff clay, it 

Wliat kind of soils ar« benefited by fall plowing ? 



may be well to throw the soil up into ridges (by 
ridging and back farrowing), so as to expose the 
largest })088ible amount of sar&ce to the freezing 
and thawing of winter. Sandy soils should not be 
plowed in the fall, as it renders them too light. 



DIGOING MACHIITES. 

A recent invention has been made in England, 
known as the digging machine or rotary spade, which 
-although from havmg too much gearing between 
the power and the part performing the labor, it is not 
adapted to general use-^has given such promise of 
future success, that Mr. Mechi (an agricultural writer 
of the highest standing) has said that '* the plow is 
doomed." This can hardly be true, for the varied 
uses to which it may be applied, will guarantee its 
iX)ntinuance in the favor of the &rmer. . 

Already, in this country, Messrs. Gibbls & Mapes, 
have invented a digging machine of very simple con- 
struction, which seems calculated to serve an excel- 
lent purpose, even in the hands of the farmer of lim- 
ited means. 

Its friends assert that, with one pair of oxen, it 
will dig perfectly three feet wide, and for a depth of 
fifteen inches. An experiment with an unperfected 
machine, in the presence of the writer, seemed to 
justify their hopes. 

WhAt is the digging mflofahie t 
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This machine thoroughly pulverizes the soil to a 
considerable depth, and for smooth land mnst prove 
&r superior to the plow. 



THE HARBOW AND CULTIVATOB. 

The harrowy an implement largely used in all 
parts of the world, to pulverize the soil, and break 
clods, has become so firmly rooted in the affections 
of farmers, that it must be a very long time before 
they can be convinced that it is not the best imple- 
ment for the use to which it is devoted. It is true 
that it pulverizes the soil for a depth of two or three 
inches, and thus much improves its appearance, bene- 
fiting it, without doubt, for the earliest stages of tne 
growth of plants. Its action, however, is very defec- 
tive, because, from the wedge shape of its teeth, it 
continually acts to pack the soil ; thus — although isir 
vorable for the germination of the seed — ^it is not cal- 
culated to benefit the plant during the later stages of 
its growth, when the roots require the soil to be pul- 
verized to a considerable depth. 

The cultivator may be considered an improved 
harrow. The principal difference between them 
being, that while the teeth of the han*ow are pointed 
at the lower end, those of the cultivator are shaped 
like a small double plow, being large at the bottom 

Why b the harrow a ddfective implement t 
Why is the caltivator superior io the harrow I 
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and growing smalls to^razds the top. They lift the 
earth up, instead of pressing it downwards^ thus loos- 
ening instead of compacting the soil 

Many styles of cultivators are now sold at agri- 
cultural warehouses. A very good one, for field use, 
may be made by substituting the cultivator teeth for 
the spikes in on old harrow firame. 



•••• 



CHAPTER VI. 

BOLLIKG, MULOHIKG, WEEDING, ETO. 

BOLLIKG. 

Boiling the soil with a large roller, arranged to be 
drawn by a team; is in many instances a good ac- 
cessory' to cultivation. By its means, the following 
results are obtained : — 

1. The soil at the surface is pulverized without 
the compacting of the lower parts, the area of con- 
tact being large. 

2. The stones on the land are pressed down so as 
to be out of the way of the scythe in mowing. 

3. The soil is compacted around seeds after sow- 
ing in such a manner as to exclude light and toi^ot^A 

them in every part, both of which are essential 

* 

Nftine some of the benefits of roUing ff 



24& omimxTios. 

to their germination and to the bealtfaftdneBS of the 
pknts. 

4. The soil is so compacted at the surface^ that 
it is less frequented by gruhsy etc., than when it is 
more loose. 

5. When the soil is smoothed in this nmnner, 
there is less surface exposed for the evaporation oi 
water with its cooling effect. 

6. Light sandy lands, by being rolled in the fall, 
are rendered more compact, and the loosening effects 
of frequent freezing and thawing are avoided. 

Although productive of these various effects, roll-, 
ing should be adopted only^with much care, and 
should never be applied to very heavy lands, except 
in dry weather when lumpy * after plowing, as its 
tendency in such cases would be to render them still 
more difficult of cultivation. Soils ia which air jdoes 
not circulate freely, are not improved by rolUng, as 
it presses the surface-particles still more closely 
together, and prevents the free admission of the at- 
mosphere. 

If well under-drained^ a large majority of soils 
would doubtless be benefited by a judicious use of the 
roUer.* 

* field rollers should be made in tections, for ease of turning. 
Under what circumatances should the roller be usedf 
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MULCHING. 

MvlcMng (called Q^nrneyism in Engird) consists 
in covering the soil with salt hay, litter, seaweed, 
leaves, spent tanbark, chips, or other refuse matter. 

Every farmer nrast have noticed that, if a board 
or rail, or an old brush-heap be removed in spring 
from soil where grass is growing, the grass afterwards 
grows in those places much larger and better than 
in other parts of the field. 

This improvement arises from various causes. 

1. The evaporation of water from the soil is pre- 
vented during drought by the shade afforded by the 
mulch ;. and it is therefore kept in better condition, 

' as to moisture and temperature, than when evapora- 
tion goes on more freely. This condition is well cal- 
culated to advance the chemical changes necessary to 
prepare the matters — =both organic and mineral — 
in the soil for the use of plants. 

2. By preventing evaporation, we partially pro- 
tect the soil from losing ammonia resultant from 
decaying Clonic matter. 

3. A heavy mulch breaks the force of rains, and 
prevents them from compacting the soil, as would be 
the result, were no such precaution taken. 

4. Mulching protects the surface-soil from freez- 
ing as readily as when exposed, and thus keeps it 



What is mulching ff 

What Are some of its benefits f 
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longer open for the admission of air and moistnre. 
When unprotected^ the soil early .becomes frozen ; 
and all wat^ falling, instead of entering as it should 
do, passes off on the surface. 

6. The throwing out of winter grain is often pre- 
vented, because this is due to the fireezing of the 
surface-soil. 

6. Mulching prevents the growth of some weeds, 
because it removes from them the fostering heat of 
the sun. . ^ 

Many of the best nursery-men keep the soil about 
the roots of young trees mulched continually. One 
of the chief arguments for this treatment is, that it 
prevents the removal of the moisture from the soil 
and the consequent loss of heat. Also that it keeps 
up a full supply of water for the uses of the roots, be- 
cause it keeps the soil cool, and causes a deposit of dew. 

7. It also prevents the "baking'' of the soil, or the 
formation of a crust. 

It is to be recommended in nearly all cases to sow 
oats very thinly over land intended for winter fallow 
after the removal of crops, as they will grow a littla 
before being killed by the frost, when they will fall 
down, thus affording a very beneficial mulch to the soil. 

When farmers spread manure on their fields in the 
fall to be plowed under in the spring, they benefit 

Why does mulching take the place of artificial watering ? 
Why is the late Bowinff of oats beneficial I ^ 
From what arises the cnief benefit of top dressing the soil with 
manure in antnmnt 
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the land by the mulching nioie than by the addition 
of fertilizing matter, because they .give it the pro- 
tecting influence of the straw, etc., while they lose 
much of the ammonia of their manure by evapora- 
tion. The same mulching might be more cheaply 
done with leaves, or other refuse matter, and the 
ammonia* of the manure made available by compost* 
ing with absorbents. 

It is an old and true saying that ^' snow is the 
poor man's manure." The reason why it is so bene- 
ficial is, chiefly, that it acts as a most excellent 
mulch. It contains no more ammonia than rain- 
water does ; and, were it not for the fact that it 
protects the soil against loss of heat, and produces 
other benefits of' mulching, it would have no more 
advantageous eflect. The severity of winters at the 
North is partially compensated by the long duration 
of snow. 

It is a well known fact that when there is but 
little snow in cold countries, wheat is very liable to 
he.ivinter killed. The same protection is aflbrded by 
artificial mulching. 

This treatment is peculiarly applicable to the 
cultivation of flowers, both in pots and in beds out 
of doors. It is almost indispensable to the profitable 
production of strawberries, and many other garden 
crops, such as asparagus, rhubarb, etc. Many say 
that the best treatment for trees is to put stones 

Why is snow particularly beneficial! 
11* 
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about their roots. This, is cdinply mvkMng them, 
and might be done more cheaply by the nse of leaves, 
copying the action of nature in forests ; * for, unless 
these stones be removed in spring, they will sink and 
compact the soil in part during open weather. 



WEEDING. 

If a farmer were asked — ^what is the use of weeds ! 
he might make out quite a list of their benefits, 
among which might be some of the following : — 

1. They shade tender plants, and in a measure 
s^rve as a mulch to the ground. . 

2. Some weeds, by their offensive odor, drive 
away many insects. 

3. They may serve^as a green crop to be plowed 
into the soil, and increase its organic matter. 

4. They make ua stir the soil^ and thus increase 
its fertility. 

Still, while thinking out these excuses for weeds, 
he would see other and more uigent reasons why they 
should not be allowed to grow. 

1. They occupy the soil to the disadvantage of 
crops. • 

* The beneficial effects of mnlching is so great as to lead us to 
the conclusion that it has other means of action than those men- 
tioned in this book. Future eizperimenta may lead to more know- 
jiedge on this subject. 

What are some of the uses of weeds f Their disadvantages f 



2. They exclude light and heat from ctdtivated 
plants, and thus interfere with their growth. 

'S. They take up mineral and other matters from 
the fioil^ and hold them during the growing season, 
thus depriving crops of their use. 

It is not necessary to argue the injury done by 
weeds. Every farmer is well convinced that they 
should be destroyed, and the best means of accom- 
plishing this are of the greatest importance. 

In the first place, we should protect ourselves 
against their increase. This may be done : — - 

By decomposing all manures in compost, whereby 
the seeds contained will be killed by the heat of 
fermentation ; or, if one bushel of salt be mixed 
through each cord of compost (as before recommend- 
ed), it will kill seeds as well as grubs, — 

By hoeing, or, otherwise, destroying growing 
weeds before they mature their seeds, and 

By keeping the soil in the best chemical condition. 

This last point is one of much importance. It 
is well known that, soils deficient in potash, will 
naturally produce one kind of plants, while soils 
deficient in phosphoric acid will produce plants 
of another species, etc. Many soils produce certain 
weeds which would not gtow on them if they were 
made chemically perfect, as indicated by analysis. It is 
also believed that those weeds, which naturally grow on 



How m&j we protect ourselvee against their increaae ? 
Why is it especially important for this purpose to mamtain the 
balance of the 9oil ? 
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the most fertile soils^ are the ones most easily des- 
troyed. There are exceptions (of which the Thistle 
is one)^ but this is given as a general rule. 

By careful attention to the foregoing points, 
weeds may be kept from increasing while those 
already in the soil may be eradicated in various 
ways, chiefly by mechanical means, such as hoeing, 
plowing, etc.* 

Prof. Mapes says that six bushels of salt annually 
sown broadcast over each acre of land, will destroy 
very many weeds as well as grubs and worms. 

The common hoe is a very imperfect tool for the 
purpose of removing weeds, as it prepares a better 
soil for, and replants in a position to grow, nearly as 
many weeds as it destroys. 

The scuffle-hoe (or push-hoe) is much more effec- 
tive, as, when worked by a man walking backwards, 
and retiring as he works, it leaves nearly all of the 
weeds on the surface of the soil to be killed by the 
sun. When used in this way, the earth is not 

• 

* It is possible that the excrementitioas matter thrown out by 
some plants may be sufficiently destructiye to other kinds to ex- 
terminate them from the soil — ^thus, farmers in Maine say that a 
single crop of turnips will entirely rid ^e soil of wiieh ffraatt. This 
hf undoubtedly, the effect of the exorementitious matter of the 
turnips. This subject is one of practical importance^ and denMuids 
close investigation by farmers, which may lead to its being re- 
duced to a system. 



How much salt may be used with advantage f 
Why is the scuffle-hoe superior to the common hoe t 
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trodden on after being hoed — ^as is the case when 
the common hoe is employed. This treading, besides 
compacting the soil, covers the roots of many weeds, 
and causes them to grow again. 

Much of the labor of weeding usually performed 
by men, might be more cheaply done by horses. 
There are various implements for this purpose, some 
of which are ccHuing, in many parts of the country, 
into very general use. 

One of the best of these is the Langdon Horse 
Hoej which is a shovel-shaped plow, to be run one 
or two inches deep. It has a wing on each side to 
prevent the earth from falling on to the plants in the 
rows. At the rear, or upper edge, is a kind of rake 
or comb, which allows the earth to pass through, 
while the weeds pass over the comb and fall on the 
surface of the soil, to be killed by the heat of the 
sun. It is a simple and cheap tool, and will perform 
the work of twenty men with hoes. The hand hoe 
wiU be necessary only in the rows. 

CULTIVATOB. ■■*' 

The cultivator y which was described in the pre- 
ceding chapter, and of which there are various pat- 
terns in use, is excellent for weeding, and for loosen- 
ing the spil between the rows of corn, etc. The 

— ' ■ ^- MMMM^M^K 

How may mnch labor be saved in remoying weeds ? 
What is the* Langdon horse-hoe t 
Describe ^ihe univ^rao/ cultivator? 



254 



CULTIVATION. 



one called the umversdl cultivator^ having its side 
bars made of iton^ curved so that at whatever dis- 
tance it is placed the teeth wiU point straight for-- 
ward^ is a much better tool than those of the older 
patterns, which had the teeth so arranged that when 
set for wide rows, they pointed towards the clevis. 
It is difficult to keep such a cultivator in its place, 
while the " universal " is as difficult to move out of 
a straight line. 

IMPBOVED H0B8E-H0E. 



The improfoed horae-^hoe is a combination of the 
^^ Langdon'' horse hoe and the cultivator, and is the 
best implement, for many purposes, that has yet 
been made.* 




Fig. 9. 

* The improYed horse-hoe is inade and sold by Ruggles, Nourse 
<Se Mason, of Worcester, Mass., and Quincy Hall, Boston. 

What is the improved hoi*se-hoe t 
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HARVESTING MACHINES. 

Until within a comparatively sliort period, but 
little attention has been paid to the production of 
machines for harvesting/the various crops. 

During .the past few years, however, many valu- 
able inventions have appeared. Among these we 
notice Ketchum's mower, Husse/s mower and reaper, 
and Wagoner's grain and grass seed harvester. The 
latter machine gathers only the grain and seeds of 
the crop, leaving the straw to be plowed under the 
soil, thus maintaining its supply of soluble silicates, 
and increasing its amount of organic matter. After 
taking the seed heads from the standing straw and 
grasses, it thrashes them, blows out the chaff, sepa- 
rates the different kinds of seeds, and discharges 
them into bags ready for market. It consists of a 
car containing the machinery ; to this may be at- 
tached any required number of horses. The inventor 
affirms that it has harvested the grain of two acres 
in one hour, performing the work with accuracy.* 



There is much truth in the following proverbs : 
" A garden that is weU kept, is kept easily.'' 
" You must conquer weeds, or weeds will conquer 
you." 

* This machine is more fiillj noticed in the advertising pages. 
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It is almost impossi})le to give a recapitulation 
of the matters treated in this section, as it is, it- 
self, but an outline of subjects which might occupy 
our whole book. The scholar and the farmer should 
understand eyery principle which it contains, as well 
as they understand the n^ultiplication table ; and 
their application will be found, in every instance, to 
produce the best results. 

The two great rules of mechanical cultivation 
are — 

ThOBOUOH UKDSB-DBAINIKa 

Deep and fbsqubnt distubbakob oi* the 

BOIL. 



What are the two great mles in meohanical oultiyatioQ t 
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' CHAPTEB L 

At the present' time^ when such marked improve- 
ments have been, and are still being made, in the 
practice of agriculture, the farmer cannot be too 
strongly advised to procure an analysis of his soil, 
and for obvious reasons. 

It has been suflSciently proved that the plant 
draws from the soil certain kinds of mineral matter, 
in certain proportions ; also, that if the soil do not 
contain the constituents required, the plants cannot 
obtain them, and consequently cannot grow. Fur- 
thermore, in proportion to the ability of the soil to 
supply these materials, in exactly the same propor- 

Why do68 true practical economy require that the soil ahould be 
analyzed t 
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tion will it^ when under good treatment, produce 
good and abundant crops. 

All admit the value and the necessity of ma- 
nures; they are required to make up deficiencies 
in the soil, and consequently, they must supply to it 
the matters which are wanting. In oMer to know 
what is wanting, we must know the composition of 
* the soil. This can be learned only by accurate chem- 
ical analysis. Such an analysis every farmer must, 
possess before he can conduct his operations with true 
practical economy. 

An important question now arises as to whether 
each farmer can make his own analyses. He cannot 
do so without long study and practice. The late 
Prof. Norton said that, at least two years' time would 
be necessary to enable a man to become compe- 
tent to make a reliable analysis. When we reflect 
that a farmer may never need more than five or six 
analyses, we shall see that the time necessary to learn 
the art would be much more valuable than the cost 
of the analyses (at $5 or $10 each), setting aside the 
cost of apparatus, and the fact that while practising 
in the laboratory, he must not use his hands for any 
labor that would unfit them for the most delicate 
manipulations. 

. Neither will travelling chemists be able to make 

analyses as accurately and as cheaply as those who 

• — ■ 

Can each &rmer make his own analyses f 

Why will not trayellinc ohemists answer the purpose I 

How must an analysis oe used ? 
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work ia their own laboratories^ where their apparatus 
is not liable to the manj injuries consequent on fre- 
quent removal. The cost of sending one hundred 
samples of soil to a distant chemist, would be much 
less than the expense of having his apparatus brought 
to the town where his services are required. 

The way in which an analysis ehotUd be used is a 
matter of much importance. To a man who knows 
nothing of chemistry (be he ever so successful a far- 
mer), an analysis, as received from a chemist, would 
be as useless and unintelligible as though it were writ- 
ten in Chinese ; while, if a chemist who knew nothing, 
of farming, were to give him advice concerning the ap- 
plication of manures, he would be led equally astray, 
and his course would be any thing but practical. It 
is necessary that chemical and practical knowledge 
should be combined, and th^a the value of analysis 
will be fully demonstrated. The amount of know- 
ledge required is not great, but it must be thorough. 
The information contained in this little book is suf- 
ficient, but it wotdd be folly for a man to attepoipt to 
use an analysis from reading it once hurriedly over. 
It must be studied and thought on with great care, 
before it can be of material assistance. The even- 
ings of one winter, devoted to this subject, will en- 
able a farmer to understand the application of ana- 
lysis to practical farming, especially if other and 



How may a farmer obtain the requisite knowledge 9 

When are the BervioeB of a oonfolting agrioultoriat required 9 

9- 
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more compendions works are also read. A less tiBi8 
cotdd hardly be recommended. 

Where this attention cannot be given to the sub- 
ject, the services of a Consulting Agriculturist should 
be employed to advise the treatment necessary to ren- 
der fertile the soil analyzed. 

Every farmer, however, should learn enough of 
the principles of agriculture to be able to use an 
analysis, when procured, without such assistance.* 

Nearly all scientific men (all of the highest merit) 
are unanimous in their conviction of the practical 
value of an analysis of soils ; and a volume of iur 
stances of their success, with hardly a single failure, 
might be publisted. 

Prof. Mapes says, in the Working Farmer y that 
he has given advice on hundreds of different soils, 
and Tiot a single instan^ce can be found where he has 
failed to produce a profit greater than the cost of 
analysis and advice. Dr. T. 0. Jackson, of Boston, 
the late Prof. Norton,- of Yale College, and others, 
have had universal success in this matter. 

Analysis must be considered the only sure road 
to economical farming. 

To select samples of soil for analysiSy take a 
spadeM from various parts of the field — going to 
exactly the depth to which it has been plowied — ^un- 
til, say a wheel-barrow full, has been obtained. Mix 

* See Authoi''8 card in the front of the book. 

Is there any doubt as to the pcaotical value of analysis f 
How should samples of soil for analysis be selected t 
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this well together, and send abottt a quart or a pint of 
it (free from stones) to the chemist. This will rejpre- 
sent all of that part of the farm which has been sub- 
ject to the same cultivation, and is of the same me- 
chanical character. If there are marked differences 
in the kinds of soil, separate analyses will be neces- 
sary. 

When an analysis is obtained, a regular debtor 
and creditor account may be kept with the soil ; and 
tiie former may know by the composition of the ashes 
of his crops, and the manures supplied, whether he 
is maintaining the fertiUty of his soil. 

Prof Mapes once purchased some land which 
could not produce com at all, and by applying only 
such manures as analysis indicated to be neces-^ 
sary, at a cost of less than $2 per acre, he obtained 
the first year over fifty bushels of sJieUed com per 
acre. The land has since continued to improve, and 
is as fertile as any in the State. It has produced in 
one season a sufficient crop of cabbages to pay the 
expense of cultivation, and over $250 per acre be- 
sides, though it was apparently worthless when he 
purchased it. 

These are strong facts, and should arouse the far- 
mers of the whole country to their true interests. 
Let them not call the teachings of science " book- 
farming," but "prove all thmgS — ^hold &st that 
which is good." 

Give an instanoe of the stlMess of treaitment aoeording to anop 
lysis ? 
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TABLES OF ANALYSIS. 



ANALYSES OF THE ASHES OF CROPS. 



No. I. 





Wheat 


Wheat 
Straw. 


Ejei 


Efo 

Straw. 


Ashes in 1000 dry parts 


20 


60 


24 


40 


Silica (sand) 


16 
28 

120 
7 

287 
91 

8 

498 


654 
67 
88 
18 

124 

2 

11 

58 

81 


5 

50 
104 

14 
221 
116 

10 
496 


645 


Lime 


91 


Magnesia 


24 


Pei^oxide of Lron. 


14 


Potash . , 


174 


Soda 


8 


Chlorine 


5 


Snlphnrio Acid 


8 


Phosphoric Aoid 


88 







No. IL 





Ckim. 


Corn 
StalkA. 


Barley. 


Bari*7 
Straw. 


Ashes in 1000 dry parts .... 


15 


44 


28 


61 


Silica (wmd) 


15 

15 

162 

8 

. 261 

68 

2 

28 

449 


270 

86 

66 

8 

- 96 

277 

20 

5 

171 


271 
26 

75 
15 

186 

81 

1 

1 

889 


706 


Lime 


95 


Magnesia 


82 


Peroxide of Iron .* 


7- 


Oxide of Manganese 

Potash 


1 
62 


Soda 


6 


Chlorine 


10 


Snlphorip Acid 

Phosphoric Acid 


16 
81 
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No. m. 



Ashes in 1000 dry parts 



Silica (sand),..., 

Lime , 

Magnesia ....... 

Peroxide of Iron. 

Potash 

Soda , 

Chlorine 

Sulphuric Add . , 
Phosphoric Acid, 
Organic Matter.. 



0»t& 


Oftt 

straw. 


Buck 
Wheat 


20 


51 


21 


7 
60 
99 

4 

262 1 

^ 8 

104 
438 


484 
81 

8a 

18 
191 
97 
82 
88 
27 


7 
67 

104 
11 
87 

201 

22 
500 



Po- 
tatoes. 



90 

"42^ 

21 

58 

5 

567 

19 

48 

187 

126 

no 

Wkiar. 



No. IV. 



Ashes in 1000 dry parts J. . . . 

Silica (9(md) ; . . . . 

Lime 

Magnesia 

Peroxide of Iron 

Potash' 

Soda 

Ohlorine 

Snlphnric Acid 

Phosphoric Add 

Organio Matter^ 

12 



Pdaa. 


Beana. 


TnrnipB. 


25 


27 


76 


.5 


12 


71 


58 


58 


128 


85 


80 


48 


10 


6 


9 


861 


886 


898 


91 


106 


108 


28 


7 


87 


44 


10 


131 


888 


878 


67 

8TO Water. 



Tarnip 
Tops. 



170 

8^ 

283 

81 

8 

286 

54 

160 

125 

98 



V 
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No. V. 



Aahee in 1000 dry parts . . . . 

Silica (sand) 

Alomina (clay) 

lime 

Magnesia 

Peroxide of Iron 

Potash 

Soda 

Ohlorine 

Salphnrio Aoid 

Phosphoric Aoid » . . . 



VkoL 


Idllfl66d. 


HeadQW 
Hty. 


60 


46 


60 


267 


76 


844 


87? 






148 


88 


196 


44 


146 


78 


86? 


9 


7 


117 


240 


286 


118 


46 


19 


29 


2 


28 


82 


28 


29 


180 


866 


68 



Bed 
doyer. 



76 
"U 

871 

46 

2 

267 
71 
48 
60 
88 



No. VI. ^ 

Amonnt of Inorganic Matter removed from the soil by ten 
bn^els of grains, etc., and by the straw, etc., required in 
thdr prodnotion — estimated in> pounds: 



Potash 

Soda 

Lime 

Magnesia 

Oxide of Iron.... 
Solphnric Acid... 
Phosphoric Aoid. . 

Chlorine 

Silica 

Pounds carried off 





1200 IbiL 




WllMt 


Wheat 

Btnv. 


Br* 


2.86 


8.97 


2.61 


1.04 


.12 


1.88 


.84 


4.84 


.66 


1.46 


2.76 


1.18 


.08 


.94. 


.16 


.03 


4.20 


.11 


6.01 


2.22 
.79 


6.64 


.14 


47.16 


.06 


12 


72 


Hi 



1020 lbs 

B76 

Straw. 



11.84 
.20 

6.91 

1.68 

.88 

.06 

2.49 

.80 

42.26 



66 
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No. vn. 



Potash I . . . . 

Soda 

lime '.' . — 

Magnesia 

Oxide of Iron. 

Snlphnrio Acid . . . , 
Phosphoric Add . . < 

Chlorine 

Silica 

Pounds carried off. 





leaolbi. 




CJoni. 


Corn 

BtBlkB. 


Otts. 


2.78 


6.84 
19.88 


1.69 


.12 


6.02 


.89 


1.52 


4.74 


.64 




.57 


.02 




.86 


.66 


4.52 


12.16 


2.80 




1.88 


.02 


.06 


19.16 


.18 


9 


71 


6i 



TOOilM. 

Oat 
Straw. 



12.08 

8.89 
1.69 
.78 
1.41 
1.07 
1.86 
20.82 

42 



No. vnL 



Potash * 

Soda 

Ume 

Magnesia 

Oxide of Iron 

Solphnrio Acid 

Phosphoric Acid 

Ohlorine. . » 

Silica • 

Pounds carried off 



Buck 
-Wheat 


Barley. 


MO lbs. 
Barley 
Straw. 


aooonw 

iriax. 


1.01 


1.90 


2.67 


11.78 


2.18 


1.18 


.28 


11.82 


.78 


.96 


8.88 


11.85 


1.20 


1.00 


1.81 


9.88 


.14 


.20 


.90 


'7.82 


.26 


.01 


.66 


8.19 


5.40 


5.86 


1.26 


13.05 




.01 


.40 


2.90 


.09 


8.90 


28.80 


25.71 


11 


14 


40 


100 
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No. IX. 



Potash 

Soda 

lime 

Magnesia 

Oxide of Iron. . . . 
Snlphnrio Acid... 
Phosphoric Add . 

Chlorine 

Silica 

Ponnds carried off 



Beans. 


1120 Iba. 

Bean 

Straw. 


Field 
Peas. 


6m 


86.28 


5.90 


1.88 


1.09 


1.40 


98.98 


18.60 


• .81 


.28 


4.55 


1.80 


.10 


.20 


.16 


.16 


.64 


.64 


7.80 


6.00 


5.50 


.18 


1.74 


.28 


.18 


4.90 


.7 


17 


68 


16 



1866 tbf 
Pea 

Btraw. 



8.78 

48.93 
5.50 
1.40 
5.48 
8.86 
.08 

16.02 



80 



No. X. 



Potash ..y 

Soda..... 

Lime 

Magnesia 

Oxide of Iron...., 
Sulphuric Acid. . . . 
Phosphoric Acid. . , 

Ohlorine 

Silica 

Pounds carried off. 



1 Ton 
Tornips. 



7.14 
.86 

2.81 
.91 
.28 

2.30 

1.29 
.61 

1.86 



17 



6S5lbB. 

Turnip 

Tops. 



4.84 

.84 

3.61 

.48 

.18 

1.81 

1.81 

2.85 

.18 



1 Ton 
Potatoes. 



15 



27.82 
.93 
1.08 
2.63 
.26 
6.81 
6.25 
2.18 
2.14 



60 



2000 lbs 

Bed 

Clover. 



31.41 
8.34 

43.77 

5.25 

.28 

7.06 

10.28 
5.86 
5.81 



118 
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No. XI. 



Potaah 

Soda 

libie 

Kagnesia 

Oxide of Iron.... 
8alphiirio Aoid. . . 
Phosphoric Add. . 

Chlorine 

Smoa 

Pounds carried off 



2000 lbs. 

Meadow 

Hay. 



18.11 
1.86 

22.96 
6.76 
1.69 
2.70 
6.97 
2.69 

87.89 



100 



2000 IbB. 

Ci^bage 

Water 0-10 



6.25 
9.20 
9.45 
2.70 

.25 
9.60 
6.60 
2.60 

.86 



46 



No. xn. 

Oomposition of Ashes, leaobed and Tmleaohed, showing thdr 
mannrial value : 





Oak 

naleadied. 


Oak 

leached. 


Beeeh 
nnleacbed. 


Beeeh 
leached. 


Potash 


84 
66 
760 
45 
6 
12 
85 


"648" 
6 


158 

29 

684 

113 

8 

14 

81 

2 




Soda 




lime 


426 


Mftniesia 


70 


Oxide of Iron 


15 


Stilphnrio Aoid 




Phosphoric Add 


67 


C&ilorine ■ 









a!70 



AJSAinSUL 



fTo. xm. 



Potash 

Soda 

lime 

Magnesia 

Oxide of Iron • . 
8nlphurio Acid . , 
Phosphoric Acid. 
Ghlorine 



Btrch 
leachod. 



522 

80 

6 



48 



QeaiTMd 
onleaebtid. 



180 

210 

94 

99 

8 

248 

62 

98 



Bitumin- 

0118 Goal 

onloached. 



2 
2 

21 
2 

40 
9 
2 
1 



No. XIV, 

TOBAOOO. 

Analysis of the ash of the Plast IWJl & Fresedins] — 

Potash 19.66 

Soda ; 0.27 

Magnesia 11.07 

Lhne 48.68 

Phosphoric Acid ^ 8.66 

Sulphuric Acid , ^ 8.29 

Oxide of Iron 2.99 

Chloride of Sodium 8.64 

Loss 6.96 

100.00 

Analysis of the ash of the Boor [Berthier] — 

Soluble Matter 12.8 

Insoluble Matter i 87.7 

The Soluble parts oonMst of nearly — 

Carbonic Acid 10.% 

Sulphuric Add 10.d 

Muriatic Acid (Chlorine, &c.) : 18.26 

Potash and Soda.... 61.44 

100.00 






g|=1. 



Mil -I 



I -I'S ■§ 



I ^ -S 1 1 ^ -c -l-H ^ ■§.•§. I" s -3 ^ ■g.-G i 
|t|||l|'3'|i-a't||aa-3Si 



. ■ III 
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r 



No. xvn. 

Amount of Ash left after burning 1000 lbs. of Tariotis plants, 
ordinarily dry- 
its straw 



Wheat 

Barley 

Oats 

Bye 

Indian Com 

Pea 

Bean 

Meadow "Hay 

Clover " 

Rye Grass** 

Potato 

Turnip 

Carrot 



20 
80 
40 
20 
15 
80 
80 
60 
00 
95 
8 
5 
15 



to 100 



to 
to 
to 



15 

8 

20 



u 

a 

u 
i( 
u 



50 
50 
60 
40 
50 
50 



No. xvm. 

MANURES. 

HOBSB HiJSnmE. 

SolidDnn^^^ 

Combustible Matter 19.68 

Ash 8.0r 

Water 1 77.25 

CcMnpoBition of the Aab*- 10,000 

SiHoa 62.40 

Potash 11.30 

Soda 1.98 

Oxide of Iron 1.17 

lime 4.68 

Magnesia • 8.84 

Oxide of Manganese 2.18 

Phosphorio Add 10.49 

Sulphnric Add » . . 1.89 

Chlorine 0.08 

Loss # 0.14 

100.00 
X2» 
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No. XiX. 

NIGHT SOIL. 

Solid (Ash)-' 

Earthy Phon)hat66 and a trace of Sulphate of lime 100 

Sulphate of boda and Potash, and Phosphate of Soda 8 

Oarhonate of Soda. 8 

Silica 16 

Oharooal and Loss 18 

- 150 

Urine 

Urea* SO.IO 

Uric Acid 1 .00 

Bal Ammoniac* 1.50 

ijactic Acid, etc.. \ 17.14 

Mncns 82 

Sulphate of Potash 8.71 

Sulphate of Soda 8.16 

Phosphate of Ammonia*. 1.65 

Earthy Phosphates 8.94' 

Salt (Chloride of Sodium) 4.46 

Silica 0.08 

67.00 
Water 988.00 

1000.00 
* Supply Ammontn. 



Ko. 

OOW ICAKBBS. 

SoUd (Ash)^ 

Phosphates '. 20.9 

Peroxide of Iron 8.8 

lime....... ,. 1.6 

Sulphate of Lime (Plaster) 8.1 

Chloride of Potas^ma. ' trace 

Silica • 68.7 

Loss ^ «... 2.0 



• 



100.0 
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L« 



No. XXL 

OOMTABATrni TALUS OV THB JXOm OW IMFBXBXST AHDCAIS. 

SoHdMattor. «,,|^ 

OigaaiCL Liofgaiiio. A«nw» 

Man 28.4 7.6 81 

Horse 27. 88. 60 

Oow 60.' 20. 70 

Pig 66. 18. 74 

She^ 28. 12. 40 



NaXXn. 

GT7A2rO. ' 

Water ^. 6.40 

Ammonia ..•...•.? 2.71 

UrioAdd..,.. 84.70 

Oxalic Aoid, etc 26.79 

Fixed Alkaline Salts. 

Sulphate of Soda 2.94 

Phosphate of Soda ,48 

Chloride of Sodium (salt) 86 

Earthy Salts. 

Carbonate of Lime. , L86 

Phosphates 19.24 

Foreign Matter. 

Silicions grit and sand '. 4.52 

100.00 



^m 



For the analyBis of ferlale and barren soils, see page 72. 
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THE PRACTICAL FARMER. 



THE PRACnOAL FARMEIR, 



I ^^ 



Who is the practical farmer f Lst us look at twe 
pictures and decide. 

Here is a farm of 100 acres in ordinary condi- 
tion. It is owned and tilled by a bard-working man^ 
who, in tbe busy season, employs one or two assist- 
ants. The farm is free from debt, but it does not 
produce an abundant income ; therefore, its owner 
cannot afford to purchase the best implements, or 
make other needed improvements ; besides, he don't 
bdieve in such things. His father was a good solid 
iarmer ; so was his grandfather ; and so is he, or 
thinks he is. He is satisfied that ' the good old way ' . 
is best, and he sticks to it. He works from morning 
till night ; from spring till fall. In the winter, he 
rests, as much as his lessened duties will allow. 
During this time, he reads little, or nothing. Least 
of all does he read about farming. He don't want 
to learn' how to dig potatoes out of a book. Book 
forming is nonsense. Many other similar ideas keep 
him from agricultural reading. His house is comfort* 
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able, and his bams are qiiite as good as his neigh* 
bois', while his farm gives him a living. It is trae 
that his soil does not produce as much as it did ten 
years ago ; but prices are better, and he is satisfied. 

Let us look at his premises, and see how his 
affairs are managed. First, examine the land. WeU, 
it is good fair land. Some of it is a little springy, 
but is not to be called u^. It will produce a ton 
and a half of hay to the acre — ^it used to produce 
two tons. There are some stones on the land, but not 
enough,in his estimation, to do harm. The plowed 
fields are pretty good ; they will produce 35 bushels 
of com, 13 bushels of wheat, or 30 Whels of oats 
per a«re, .when the season is not dry. His fether 
used to get niore ; but, somehow, the weather is not 
so tiskvorable as it was in old times. He has thought 
of raising root crops, but they take more labor than 
he can afford to hire. Over, in the hack part of the 
land there is a muck-hole, which is the only piece of 
worthless land on the whole farm. 

Now, let us look at the bams and barn-yards. 
The stables are pretty good. There are some wide 
cracks in the siding, but they help to ventilate, and 
make it healthier for the cattle. The manure is 
thrown out of the back windows, and is left in piles 
under the eaves on the sunny side of the bam. The 
rain and sun make it nicer to handle. The cattle 
have to go some distance for water ; and this gives 
them exercise. All of the cattle are not kept in the 
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stable ; the &ttemng stock are kept in the vaiioui 
fields^ where hay is fed ont to them fix>m the stack. 
The barn-yard is often occupied by cattle, and is 
coyered with their manure, which lies there until it 
is carted on to the land. In the shed are the tools 
of the &rm, consisting of carts, plows — ^not deep 
plows, this &nner thinks it best to have roots near 
the sur&ce of the soil where they can have the benefit 
of the sun's heat, — a harrow, hoes, rakes, etc. These 
tools are aU in good order ; and, unlike those of his 
less prudent neighbor, they are protected from the 
weather. 

The cix)ps are cultivated with the plow and hoe, 
as they have been since the land was cleared, and 
as they always will be untn tMs man dies. 

Here is the ' practical fanner ' of the present day. 
Hardworking, out of debt, and economical — of dol- 
lars and cents, if not of soil and manures. He is a 
better farmer than two thirds of the three millions 
o& &rmers in the country. He is one of the best 
farmers in his town — ^there are but few better in the 
county, not many in the State. He represents the 
better class of his professioni 

With all this, ha is, in matters relating to his 
business, an unreading, unthinking man. He knows 
nothing of the first principles of farming, and is suc- 
cessful by the indulgence of nature, not because he 
understands her, and Is able to make the most of her 
assistance. 
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1?his is an tm^easaiit fact, but it is one whioh 
cannot be denied. We do not say this to disparage 
the farmer, but to arouse him to a realization of Im 
position and of his power to improve it. 

But let us see where he is wrong. 

He is wrong in thinking that his land does not 
need draining. He is wrong in being satisfied with 
one and a half tons of hay to the acre when he might 
easily get two and ahalf. He is wrong in not re- 
moving as far as possible every stone that can in- 
terfere with the deep and thorough cultivation of his 
soil. He is wrong in reaping less than his father did, 
when he should get more. He is wrong in ascribing 
to the weather, and similar causes, what is due to 
the actual impoverishifient of his soil. He is wrong 
in not raising turnips, carrots, and other roots, which 
his winter stock so much need, when they might be 
raised at a cost of less than one third of their value 
as food. He is wrong in considering wc»rthless a de- 
posit of- muck, which IB a mine of wealth if property 
employed. He is wrong in ventUating his stables at 
the cost of heat He is wrong in his treatment of 
his manures, for he loses more than one half of their 
value from evaporation, j^rmentation, and leaching. 
He is wrong, in not having water at hand for his 
cattle — ^their exercise detracts from their accumula- 
tion of fat and their production of heat, apd it ex-* 
poses them to cold. He is wrong in not protecting 
his fattening stock from the cold of wint^ ; for, 
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• 

under ezposnre to cold, the food^ which would 
otherwise he used in the formation of /o^, goes to 
the production of the animal heat necessary to coun« 
teract the chilling influence of the weather, p. 50. 
He is wix)ng in allowing his manure to lie im- 
protected in the harn-yard. He is wrong in not 
adding to his tools the deep sur&ce plow, the sub* 
soil plow, the cultivator, and many others of im- 
proved construction. He is wrong in cultivating 
with the plow and hoe, those crops which could be 
better or more cheaply managed with the cultivator 
or horse-hoe. He is wrong in many things more, ^ 
we shall see if we examine all of his yearly routine of 
work. He is right in a few things ; and but a few, 
as he himself woxdd admit, had he that knowledge 
of his business which he could obtain in the leisure 
hours of a single winter. Still, he thinks himself a 
pradical fSarmer. In twenty years, we shall have 
fewer such, for our young men have the mental 
capacity and mental energy necessary to raise them 
to the highest point of practical education, and to 
that point they are gradually but surely rising. 

Let us now place this same farm in the hands of 
an educated and understanding cultivator ; and, at 
the end of five years, look at it again. 
I He has sold one half of it, and cultivates but fifty 
acres. The money for which the other fifty were 
sold has been used in the improvement of the farm. 
The land has all been under-drained, and shows the 
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many improvements consequent on such treatment 
The stones and dmall rocks have been removed, 
leaving the surface of the soil smooth, and allowing 
the use of the sub-soil plow, which with the under- 
drains have more than doubled the productive power 
of the farm. Sufficient labor is employed to cul- 
tivate with improved tools, extensive root crops, 
and they invariably give a large yield. The grass 
land produces ^ yearly average of 2^ tons of hay per 
acre. From 80 to 100 bushels of com, 30 bushels 
of wheat, and 45 bushels of oats are the average of 
tl^e crops reaped. The soil has been analyzed, and 
put in the best possible condition, while it is yearly 
supplied with manures containing every thing taken 
away in the abundant crops. The analysis is never 
lost sight of in the regulation of crops and the appli- 
cation of manures. The worthless muck bed was re- 
tained, and is made worth one dollar a load to the 
compost heap, especiaUy as the land requires an 
increase of organic matter. A new bam has been 
built large enough to store all of the hay produced 
on the farm. It has stables, which are tight and 
warm, and are well ventilated above the cattle. The 
stock being thus protected from the bss of their heat, 
give more milk, and make more fat on a less amount 
of food than they did under the old system. "Water 
is near at hand, and the animals are not obliged to 
over-exercise. The manure is carefully composted, 
either under a shed constmcted for the purpose with 
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a tank and pump, or is thrown into the cellar below, 
where the hogs mix it with a large amount of muck, 
which has been carted in after being thoroughly de- 
composed by the lime and salt mixture. 

They are thus protected against all loss, and are 
prepared for the inunediate use of crops. No ma- 
nures are allowed to lie in the barn-yard, but they 
are all early removed to the compost heap, where 
they are preserved by being mixed with carbonaceous 
matter. In the tool shed, we. find deep surface- 
plows, sub-soil plows, cultivators, horse-hoes, seed- 
drills, and many other valuable improvements. 

This farmer takes one or more agricultural papers, 
from which he learns many new methods of cultivar 
tion, while his knowledge of the reasons of various 
agricultural effects enables him to discard the iigudi- 
cious suggestions of mere book farmers and unedu- 
cated dreamers. 

Here are two specimens of formers. Neither 
description is over-drawn. The first is much more 
careful in his operations than the majority of our 
rural population. The second is no better than 
many who may be found in America. 

We appeal to the common sense of the reader of 
this work to know which of the two is the pra^ical 
farintr — ^let him imitate either as his judgment 
shall dictate. 

FINI8. 
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EXPLANATION OP TERMSi 



Absorb — ^to soak Id a liquid or a gas. 

ABSTaAor — ^to take from. 

Aom-Hwor; a sour snbetanoe. 

Agricultubx — ^the art of cultivatiiig the soiL , 

Alkali — the direct opposite of an acid, with which it has a ten- 
dency to unite. 

AunmrA — ^the base of clay. 

AsALJsa — separating into its pnmary parts any compound sub* 
stance. 

Garbonatb— a compound^ consisting of carbonic acid and an alkali 

GAUsno — burning. 

Ohlobids — a compound containing chlorine. 

Clbtib — ^that part of a plow by which the drawing power is a^ 
tached. 

Dboomfosx — to separate the constituents of a body from their com- 
bination^ forming new kinds of compounds. 

DiGiBiioii — ^the decomposition of food in the stomach and intestines 
of animals (agricultural). 

Dxw^-deposit of the. insensible vapor of the atmosphere on cold 
bodies. 

ExoBEMSNT — ^ihe matter giyen out by the organs of plants and ani- 
mals, being those parts of their food which they are unable to 
* assimilate. 

Fbbmentatxon — a kind of decomposition. 

Qas— air — aeriform matter. 

GuBNXTiBM — see Mulching. 

Inoexdibni^— component part 

Imobgahio — mineral, or earthy. 

Mouldboabd— "that part of a surface |dow which turns the sod. 
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MuLGBiifCH- eoTering the soil with litter, leates^ or other refiise 

matter. See p. 247. 
Nkutiuiizb — ^To overcome the characteristic properties o£ 
Obganio Matter — ^that kind of matter which at times possesses an 

organized (or living) form, and at others exists as a gas in the 

atmosphere. 
OxiDB — a compound of oxygen with a metal. 
Phosfhatb — a compound of phosphoric acid with an alkali. 
Proxwatb — ^an organic compound, such as wood, starch, gum, etc. ; 

a product of life. 
Pungent — ^pricking. 

PUTRXTAOnON — TOttiug. 

Satukatb— to^// the pores of any substance, as a sponge with wa- 
ter, or charcoal with ammonia. 
SniOATB — a compound of silica with an alkali 
Soluble — capable of being dissolved. 

SoLUnON— <a liquid containing another substance dissolved in it. 
Satubated Solution— one which contains as much of the foreign 

, substance us it is capable of holding. 
Sponoiolbs^— the mouths at the ends of roots. 
Sulphate — a compound of sulphuric acid with an alkali 

YAPOBr-^aS. 
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Edp>tClilU«;orIUe1lI Ind VVnnii, . 
FintLd* FtLrirtr Bjr Slun Pbtdb-^ 



loiil' Eckml.IKii. BiE.J.Mu,. 
LoDiH i or, Tfa« BflHin of Intufll*, 
Uunn>i SaUliii in Cuudl, T . 

una Mcintosh's iroi 



iHArd Dr Ssl^Cnitrol 



T^HwV PkhdL for Jill ktntODt^ . 



Iiddnibr'i Villan. By u, ZabDktt, 



IMPORTANT TO AaRIOUI.TUBZSTS 1 



SUPERIOR SEED AND QRAIN PLANTERS. 
Ws Iur« liDiiroYed and nlmpMed onr RnLLEB-DBlLL h u to snsbleDllo 

A T Tubed IMII,voi>den leed ToUen tSO DO I AT Tabed Drill. [RHi wed rol's t SO 50 
<iub iddltloaal tube, - - T SO | £ich addltbnil tube, 8 SO 

" I Tobed do. Uopptr In an^ vith a Fil«it Inn Bead Roller, 

which bj ■ elnEle screw the qnentlly per eere 1i regnliited, W 00 

" £Kh»lilftloniilI^b« (eiml 10 OO 

W» tra alw bnlliHng eevend bnndred er"D««lB & PtMinoet'e new Putent 
eilde-Diills." Over IN) oT t]ie» DudilDeB wen sold lut jiiiir. end ve hsre no 
healUtlen In eayljig that they gave Ibe best utjanutlon^Dr tnf SlMc-Diill In tba 
muket for Seeding botbOnlD (ad Orsn Mad). It will neither Injure nnr wuU 
tbo icraln, nur Is tt ILsble to ohoke villi wbltfroape or eljsws. It Is nnsarpa^sed 
fur ffeaenl RuiPLicrrT, DirB&BiuTT,tlKhtneBS of draft, end wi^li^ht upon tbetiorseB' 

deSreJ qoanUtj ]»r asreT Hj noent ImiHxtTeineDts It tt'^minblT adapted"^ 

seeding Grain, wbicb baa be«a soaked In l^ine and rolled In lime or plaster. 

Price rorl.wltbT tildes, vheatalonsfSS 00 I Brined di Umed Wheat Bower K 00 

" Each additional tulie, 5 00 Oats Bower, - - - fi 00 

Grass Seed Bower, 10 00 | Oueno AtMcbment, - - 15 00 

The depositing tabes are supplied with Pennoek's Improved Bereralbla Steel 

PoinU, dcher end of which mnjix Daed wbes the otber iB worn oal, or lu caaa 



nuebinelsbactodwlththo tobe! In the ground. Thefermofluheildegch Dial 
ther free themselves fron Blth better aniTnin e&ater tban utlietB In use. We elw 

bjwblch they are put on and taken off at pleasure, nllboot tools. Fur seeding 
roufdt and hilly, as well as avt lireguLar shaped fields, ve wambt tha above 
nucblnM nnequnlled. 

Twenty-two premiums awuiled these Drills by vsrloiu awtetles. 
B. * H. FENHOCE & CO., 
Sannstt Bc|iutb, Fa., uid WUmiiigton, Dal 



RVOOI^ES, NOURSE, JIL4SOBI A CO., 

MAirUFACTUBEBa AT WOROSSTSB, 
And Wholesale and Setail Dealen In 

AGRICULTDRAI IMPLEMENTS AND MACHINES, 

OABBEV, FIELD ABS FLOWER SEEDft 

Fruit and Obkamsittal TmaEB, Shbtibs, Roses, Yinbs and Plants^ 

GUANO, BONE BUST, PHOSPHATES, POUDBETTE, Am 

Also, Agricultural and Horticultural Publications, and Agents for 

Principal Nurseries, 

at thb 

QUINCY HALL 

AGRICULTURAL WAREHOUSE AND SEED STORE, 

OYEB QUINOY MABEET, SOUTH MABEET ST^ 
BOSTON, MASS. 



THE SOD AND SUB-SOtt PLOW 




Consists of two plows on the same beam. The first inverts the 
sod to the depth of a few inches, and the hindmost brings up the 
lower soil, depositing it on the inverted sod. This is highly re- 
commended bj those who have used it for deep tillage, and is 
superior to any of its competitors. 



OUB 



IMPROYED HORSE HOE, 

Of which a cut may be seen on p. 254^ 

Is now manufactured at our establishment^ and is now sold 
throughout the Union. It is the best implement for weeding, et&. 



eyer made. 



ELEMENTS 



OF 



AGEICULTUEE. 



\ 



Extract ftom a letter to the author from Prof. Mapes, editor 

of the WorMng Fanner: 

• « 4r "Altera perusal of yonr manuscript, I feel anfhorbsed 

in assuring yon that, Ibr the use of yoxmg fhrmers, and sdiools, your book is sa- 
perior to any other el«nentary work extant JAKES J. MAPEB." 



-. -.11 ^ 



Letter from the Editor of the N. T. Tribune : 

My Fbund Wabxno, 

If all who need the information a^voa in your ElmMniU 
(^Agriculture will confess their ignorance as frankly as I do, and seek to dispel 
it as promptly and heartHJr, yon will have done a vast amount of good by writing 
ii, ***** 1 haTe fonud in eyery chapter Important troths, which I, 
as a wonld-be-&nna', needed to know, yet which I did noi know, or had but a 
oonihsed and glimmering conscionsneas of, before I read your Inoid and straightr 
forward espoddon of the bases of Agricnltnre as a science. I would not faave my 
son grow up as ignorant of these truths as I did for many times the i^ce «f your 
book ; and, I believe, a copy of that book in every flunily in the Union, would 
speedily add at least ten per cent per acre to the aggregate product of our soil, 
beside doing much to stem and reverse the current whidi now sets so strongly 
away firom the plow and the scythe toward the counter and tiie offloe. IVostlng 
that your labors will be widely regarded and appreciated, 

I remain yours truly, ^ 

HOSAGE GBKSLEY. 

New Yoik, June 88,1864. 



G. E. WARmG, Jb. 

CnnBtilting IgrirttlttiriBt. 



AOOURATE ANALYSES OF SOUS, MANURES, AM) 
CROPS PROCURED. FARMS YISITED, 
TREATMENT RECOMMEISTDED, 
ETC. 



Letters of advice on analyses wOl be written for those who 
require them, for $25 each. 

Letters on other branches of the subject, indosiDg a suit- 
able fee, will receive prompt attention. 



Post-Offiob Addbbss, Ryb, N. Y. 



DB. CHARLES ENDERLIN, 

ANAIiYTIOAIi ^ND OONSULTINQ 



Cjtttnistt . 



84 WALKER-STREET, 

NEW YORK.^ 



*^ Akaltsis of Minbbals, Soils, — Obganio Ahaltsib, eto. 



D. APPLETON & OOMPAjnr 

BXTM ts oouan of pbvabjltiov, 
THE 

EARTHWORKER; 

OB, 

Book of Husbandry. 

Bt G. E. waring, Jb. 

▲ VVVOB OV VHB **ELSKBKT8 ov AftBiaVIiV vba" 



This book is int4nded as a sequel to the Elements of Agri- 
cnltnre, being a larger and more complete work, containing 
fuller directions for the treatment of the different kinds of 
soils, for ihe preparation of manwre9j and ei^>edally for the 
drainage of lands, whether level, rolling, hilly, or springy. 
Partlonlar attention will be paid to the use of analysis. The 
feeding of different animals, and the cultivation of the various 
crops, win be described with care. 

The size of the work will be about 400 pp. 8vo., and it 
will probably be published January 1st, 1856. Price $1. 
Orders sent to the publishers, or to the author, at Bye, N. Y., 
wiU be supplied in the order in which they are received. 



PUBUBHXD OX SHB XTBSr OV SJLCH XOHTS, 

At 143 Fulton st, (upper side,) a few doom east of Broadway, ITew Yoik 

TEBMB« 

One year, payabU in adwmee, $100 

Clubs of six sabeorlberflL 5 00 

Clubs of twelve subecribaa, 10 00 

Clubs of twenty-five subaeribera, 20 00 

Single oopiea, 10 

Yolumeone, in paper cover, 60 

Yolomes two, three, four and five, in paper cover, eadi . • 1 00 
Postage on the Wobkino Fahmbb, ^fvaid cu the J^ib9oriber*a Poit Office, ia, for 
Any matanoe within the United States, 8000 milea and under, one cenA for 
each paper. If paid at a Subscriber's Post Office, «» advano«i IX cents per 
quarter, or 7 cents i)er year. 

Postage on bound yolomes in paper eo9€rBy ifpre-pM at the JTew Toth 
Poet Office, 

VolL I Vol8.IL,IIL,IVAfV. 
Any distance within the United cts. 1 da. 

States, 8000 miles and under, 22 J 26 each volume. 

If not pre-paid at the New York Post Office, double the above ratesVill be 
charged. 

Subscriptions must commence with the year, namely, March ; or the even 
half year, September; and for not less than one year. 

Kemittanoes can be made, fh>m such States as have no small paper dronla- 
tion, in gold dollars, Post Office stamps, or the bills of other Statesi 

ADVEBTISEMEinS. 

Five lines, one dollar each insertion, and in the same ratio for more tongthy 
advertlaementa. 

Post-paid Letteni addressed to the Publisher, will meet with prompt attention. 

FBED'K MoC^ADY. 
148 Fulton street, upper side, a few doon east of Broadway. 

MAPES* 

IMPROTED 
SUEER 



WHOLESALE AC£ 148 FULTON STREET, 

BEYEBAL DOTATIOKS of this celebrated fertilizer having been introduced 
among the dealers since the introduction of the Improved iSuper-PhoepluUe qf 
Lime, I beg to state that all mannihotured under the recipe of Prot J. J. Mapeo^ Is 

MASKED ON THE BAGS AS ABOYE, 
and each bag contains his certificate of having been made under his superin- 
ten dence . 

13^ Orders fbr the above fertilizer by mall, from, strangers, should be aooomp 
panled with the money, a draft or proper rdbrencea. The bags contain exactly 
l60 Iba, which at two and a half cents per pound, amounts to four doIlanL 

FBED'K MoCBEADY, 148 Fulton atraet, New York. 



FAIEBAMS' PUTFORM SCALES. 



Uinj UodiaudoiM oT Ihrse Soild bare ieea spedillT got up Ibr ths nw ot 



Dutsnln prodoui uil llvs etoct:. Ac. &o. SeicnlilM of HwScalH. CMtl* 
S«l»,uidOralnSc«lH,i<lilcb will inKni^r the innUofthi-tilwvs clui, ureotrer- 
•d U nicH that UDnut ftdl Id bring Ibem tDto nu on every «e]l eoidacted 

bet ud everj wij roUible. Addtets b; mall or Dtb«nrlB«, ' 

FAISBANKB ft CO., 89 Water ibeet, VawTork. 

ALBANY TILE WORKS, 

OF PATEOON ASD KNOX BTBEEI8, AUUBT, B.T. 



Lnga Tlla Ibr dnlu aboat dwvlllnpi, yanla, ix., oT varioaa slZM, M and tl 
pec IDO Fset. Bole Tile, « lucb alibre, tot link dnlus, at t4 per !«» I«L Dnll 
7onT land sod MTe ;onr cropfl. Orders ftcm a ditUDce will receive attentloiL 
AlMsy, ApxU to. IBM. i- B. BABC0)3E. 



WAGENEE'S AMEEICAN SEED 

HARVESTEB. 

HIGHEST PREMIUMS AWARDED 
it the Wffrld's Fair ExhlMtlon of the Industry of all Nations, 1853 

ALSO BY THE AMERICAN INSTITUTE, NEW YORK. 

VARIOUS OTHSB APPSOBATZONS HAVE BBBK BBOSIYIED. 

This Machine consists of a simple frame and box mounted 
on wheels, in front of which is' a cylinder, set with spiral 
knives, acting in concert with curved spring teeth, in combi- 
nation with a straight knife, which forms & perfect shear, and 
severs the head from the stalk ; the heads are at the same time 
discharged into the box. The teeth being made to spring and 
vibrate, not a particle of clover, however stalky or thick, can 
possibly escape being cut, or allftw the teeth to become clogged. 
The Cylinder and Knires are protected by an adjustible guard 
plate, thus allowing only the heads to pass to the Knives, re- 
taining the head, and the head only — thus leaving the stalk to 
enrich the soil. The machine is so constructed that it can be 
made adjustible to the height of the Clover and Timothy. 

To be seen at the Crystal Palace. Price of the machines 
moderate. 

The Farmer will find that by this process, h6 may save two crops of Timothy 
per vear. When the seed is ripe the* tops can be clipped, and the straw left 
until fall to mature. Yuu now have yonr seed and hay in two crops of equal 
value ; in case of clover, you mow the first crop for hay, the second for seed ; 
you in both cases get better seed and hay with less labor and expense than 
grain crops, at the same time leaving the soil clothed with a coat of straw, for 
the coming season, which will locrease the value of the soil for crops, make fine 
pastures and fine stock, while it fits the land for fine grain. In this way lands 
in our states have been raised In production from five to twenty-five or thirty 
bushels of wheat per acre, in the course of a few years. 

This is within the reach of every farmer, without money or labor, as organic 
matter accumulates ftrom the atmosphere and Is deposited in the soil. 

Manufactured and for sole by the Patentee and Proprietor, 

JEPTHA A. WAGENER. 

Office 848 West Twenty-Fourth Street, New York, 

All orders for Machines this, season should be sent in inune- 
diately, in order to have them in readiness for harvest time. 

Price of Machines, $100 and $110> two sizes, at the Mamifiictory. 

Rights of States and Counties on favorable terms. 



" Wegener's Clover and Timothy Seed Harvester has been in successful opera- 
tion two seasons, and has received the premium at the World*s Fair and at the 
Fair of the American Institute, and various other testimonials of superior value. 
They are manufactured and for sale by the inventor, Jeptha A. Wegener, at 848 
West 24th street, New York."— K 8. Journal, 

The Grain Harvester is in com-se of preparation, and will soon 
6e offered for sale. 



KETCHUM'S 



PATENT MOWING MACHINE 







Th» giMtert In^rovanfiat ever made fbr Simplioity, Bnrabilily, 

andSaaeof ActioiL 



It 18 now beyond a question, from tlie complete triamph over 
all other machines this season, that this is the only successful Grass 
Cutter known. It is in fact the only machine that has ever cut 
all kinds of grass without clogging or interruption. More than 
1000 have been sold the present season under the following war- 
rantj2, and not in a single Instance have we been called on to take 
one back. 

(Warranty :) That said machines are capable of Gutting and 
Spreading, with one span of horses and driver, from ten to fifteen 
acres per day, of any kind of grctss, heavy or lights wet or dry, 
lodged or standing^ and do it as well as is done with a scythe by 
the best mowers^ 

The price of our machine, with two sets of knives and extrae^ 
is $110, cash, delivered on board of cars or boat^ free of charge. 

HOWARD A CO., 
Manufacturers and Proprietors, Buffalo, N. Y. 
Buffalo, Aug. 1, 1868. 



BuGOLES, NoiTRSE, Mason <& Co., Manufacture Ketchum's Mower for 

New England. 
Wardbb & Bbokaw, Springfield, Ohio; for Southern Ohio and 

Kentucky. 
SbtmouBt <k Morgan, Brockport. N. Y. ; for Michigan and Illinois. 



s. 



^. 



rasj 

cd 

rar- 
ake 

and 
een 
In, 
by 

1^ 



y. 



or 



id 



